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GENERAL INTRODUCTION 
As we approach the new millenium, the active restoration of damaged 
habitat combined with the preservation of natural areas will offer the best chance to 
maintain biodiversity worldwide. Some of the most productive, dynamic, and 
diverse examples of biodiversity are found in wetlands, and yet wetlands are 
among some of the most degraded habitats (National Research Council 1992). In 
the United States, large-scale drainage and destruction of wetlands has led to the 
loss of more than 53% of presettlement wetlands, with some states, including Iowa, 
having lost more than 90% of their available wetland habitat (Dahl 1990). 
Wetlands provide a wide variety of values to mankind (flood control, nutrient 
recycling, groundwater recharge, fisheries and wildlife production, food production), 
and as such play a vital role in the functioning of a healthy ecosystem (Hubbard 
1988). As the recognition of these values has grown, so has the effort to restore 
habitat that has been lost. Under the stimulus of the North American Waterfowl 
Management Plan and its Prairie Pothole Joint Venture, the goal in the Midwest is 
to acquire 12, 146 hectares of wetland habitat a year and to restore at least 283 
hectares on private land each year (Zehrer 1997). Since 1987, the U.S. Fish and 
Wildlife Service has helped to restore 4,121 hectares of wetland habitat in Iowa 
alone (Zehrer 1997). 
As the number of projects has increased, the science of how to restore 
aquatic habitats has become increasingly sophisticated (National Research Council 
1992, Galatowitsch and van der Valk 1996a). However, methods for evaluating the 
success of restorations are not as well defined. In fact, many of the evaluation 
processes that have been documented define the term success differently (Adamus 
et al. 1987, Erwin 1990, Kentula et al. 1992, Bartoldus et al. 1994), making 
comparisons between studies difficult. Progress towards a standardized definition 
of success is being made though, generally by comparing floral and faunal 
communities at restored wetlands to those at natural (undisturbed) sites (Delphey 
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and Dinsmore 1993, Galatowitsch and van der Valk 1996b, VanRees-Siewert and 
Dinsmore 1996). 
Much of the work on vertebrates in wetlands centers on the avian 
populations. The relative ease with which this part of the marsh community can be 
monitored and manipulated provides ample opportunities for research. Marsh bird 
communities also provide a readily accessible bench mark by which to measure the 
health of wetland restorations by comparison to communities at natural wetlands. 
The high variability of precipitation, temperature, and vegetation across the Great 
Plains requires that research on prairie wetlands be conducted throughout the 
geographic range of this habitat type. Traditionally the research focus has been 
centered on the northern portion of the Prairie Pothole Region, the Dakotas and 
Minnesota (van der Valk 1989, Sewell and Higgins, 1991, Naugle 1997), but this 
pattern has been slowly changing in the 1990s. Galatowitsch and van der Valk 
(1996a) detailed the restoration of southern prairie potholes, focusing on the 
vegetative community. Research into the vertebrate community structure of 
wetlands has expanded into the southern portions of the Prairie Pothole region with 
studies by Delphey and Dinsmore (1993), VanRees-Siewert (1993), Hemesath and 
Dinsmore (1993), Schreiber (1994), and Schafer (1996). 
This project expands research into the extreme southern extension of the 
Prairie Pothole Region by examining the avian communities of restored and natural 
wetlands in central Iowa. The objectives of the project were to compare (1) the 
breeding bird communities of natural and restored wetlands in central Iowa and (2) 
the avian guild structure of natural and restored wetlands in central Iowa. 
Furthermore, this project was designed to evaluate (3) the effect of point count 
length on the detection of marsh birds, and (4) the importance of using taped 
response calls to detect secretive marsh species. 
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Thesis organization 
This thesis consists of two papers intended for publication in the Journal of 
the Iowa Academy of Sciences. The first paper compares the breeding-bird 
community make-up of restored and natural wetlands in central Iowa, and the 
second examines the methodology behind censusing marsh bird communities. A 
general conclusion and an appendix providing data from the field work are included 
after the two papers. An additional literature cited section, with references from the 
general introduction and general conclusion follows the appendix. Jane Ellin 
Schuster helped to design the project, conducted the research, and is the principal 
author of the papers. Dr. James J. Dinsmore conceived the study design, and was 
instrumental in its completion by advising, obtaining funding, and editing for Jane 
Ellin Schuster. 
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CHAPTER I: STRUCTURE OF AVIAN COMMUNITIES IN NATURAL 
AND RESTORED CENTRAL IOWA WETLANDS 
A paper to be submitted to the Iowa Academy of Sciences 
Jane Ellin Schuster and James J. Dinsmore 
ABSTRACT 
I compared species richness, frequency of occurrence, and guild structure of 
the breeding bird communities of six natural and six restored wetlands in central 
Iowa in 1996 and 1997. I found 29 species on the wetlands in 1996 and 50 species 
in 1997. There were 12 and 18 breeding species in the two years respectively. 
Mean breeding species richness was similar in both wetland types in both years 
(1996: natural° x = 10 , restored x = 9 ; 1997: natural x = 15, restored x = 15) but 
differed greatly between years (1996: x = 12, 1997: x = 18). Red-winged 
Blackbird (Agelaius phoeniceus), Yellow-headed Blackbird (Xanthocephalus 
xanthocephalus), and Blue-winged Teal (Anas discors) were the most frequently 
encountered nesting species in both years. In both years, Canada Goose (Branta 
canadensis) was found to nest more frequently on natural wetlands. In 1996, 
yellowheads and teal were found nesting on more restored wetlands than natural, 
where as Marsh Wren ( Cistothorus pa/ustris) was found nesting on more natural 
wetlands. I found Virginia Rail (Ra//us limicola) and Sora (Porzana carolina) did 
not nest on restored wetlands in 1996, but nesting on an equal number of restored 
and natural wetlands in 1997. In 1996, natural wetlands had a slightly lower 
breeding bird density than restored wetlands (54.6 birds/ha versus 82.9 birds/ha, 
p~0.05), but the densities were equal in 1997 (131.9 birds/ha versus 130.8 
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birds/ha). Restored central Iowa wetlands supported communities with a guild 
structure similar to that of natural wetlands. Overwater-elevated and overwater-
surface nesting species dominated the nest-site guilds, whereas insectivores, 
carnivores, and omnivores shared the top spot in the food-type guilds. Marsh 
gleaner species and dabbling species were the most common foraging method 
guilds found on either wetland type in both years. My results indicate that guild 
analysis can be beneficial in evaluating the success of wetland restorations. Such 
analysis provides a good measure of the functional response of marsh bird 
communities to restoration. In both years, I found that as emergent vegetative 
cover increased, both the number of total species (1996: R2 = 0.119, Y = 24. 75 -
0.23X, p~0.05 ; 1997: not significant) and breeding species (1996: R2 = 0.310, Y = 
14.81 - 0.19X, p~0.01; 1997: R2 = 0.684, Y = 23.30 - 0.28X, p~0.01) decreased. 
My results show that restored wetlands in central Iowa do provide adequate 
breeding habitat for marsh birds, and can serve to replace some of the millions of 
acres of wetlands lost since European settlement of this region. 
INTRODUCTION 
Habitat restoration has been an accepted method of increasing wildlife 
habitat for many years. Restoration programs received a major boost when the 
Federal Aid in Wildlife Restoration Act of 1937 (Suring and Knighton 1985) 
established an 11 % excise tax on firearms and ammunition to fund research and 
habitat restoration by state game and fish departments. However, while habitat 
restoration was seen as important, this funding did little to stop the loss of some 
habitats nationwide. In particular, wetlands continued to disappear at alarming 
rates. It is estimated that of the 221 million acres of wetlands present in the United 
States before European settlement, by the 1980s, less than 53% remained (Dahl 
1990, Vilesis 1997). In the Prairie Pothole Region the losses are even greater, with 
some states having lost more than 90% of their original wetlands (Dahl 1990). 
Efforts to halt the destruction began in the early 1970s with the passage of the 
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Clean Water Act, but the enactment of the Conservation Reserve Program (CRP) of 
the 1985 Food Security Act and the North American Waterfowl Management Plan 
of 1986 (NAWMP) signaled the real beginning of intensive wetland restoration 
projects. 
Wetland restoration is undertaken for several reasons. Within the Great 
Plains, the primary focus traditionally has been to provide habitat for waterfowl 
production. Almost 50% of North America's ducks nest in the Prairie Pothole region 
(Batt et al. 1989). However, at least 30 other nongame bird species also use these 
wetlands at some point in their life cycle (VanRees-Siewert 1993). In Iowa, several 
wetland bird species such as the Common Loon (Gavia immer) and Whooping 
Crane (Grus americana) that formerly nested within the state have disappeared 
since settlement (Jackson et al. 1996). Besides birds, numerous other species of 
fish , amphibians, reptiles, and mammals also depend on wetlands. 
In Iowa, the U.S. Fish and Wildlife Service has funded wetland restoration 
projects totaling approximately 4, 121 ha since 1987, at a cost of almost 
$11,000,000 (Zohrer 1997). The high cost of land coupled with the heavy demand 
for development by agricultural, retail, industrial , and residential interests make 
every project crucial. The rewards of wetland restoration can be seen already with 
the reintroduction of extirpated species like the Giant Canada Goose (Branta 
canadensis) and the Trumpeter Swan (Cygnus buccinator). Each restoration can 
supply not only habitat but also answer questions to help improve the restoration 
process. Managers need successful projects to encourage continued support. For 
more than 10 years, researchers have looked into the process of restoring or 
constructing wetlands (Weinhold and van der Valk 1988, Galatowitsch and van der 
Valk 1996a), yet little has been done to monitor the outcome of these projects. 
What monitoring has been done has generally focused on the establishment of 
vegetation (National Resource Council 1992, Galatowitsch and van der Valk 1996b) 
with the underlying assumption that once the vegetation was established, the fauna 
would then recolonize the wetlands. However, recent studies have shown that 
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restored sites frequently do not have the same floral composition as natural sites, 
often lacking entire zones of vegetation (Delphey and Dinsmore 1993, Galatowitsch 
and van der Valk 1996b). With complete vegetative recolonization no longer a 
"given", the return of a lost animal community cannot be assumed. 
To date, there is no standardized method for evaluating wetland restorations. 
Much of the discord between various methods of evaluation comes from trying to 
place values on various wetland functions such as flood control, wildlife habitat, and 
water quality. Despite differing opinions of what has the most value, many of the 
evaluations use similar methods to rank project success. Four in-depth evaluation 
methods (Adamus et al. 1987, Erwin 1990, Kentula et al. 1992, Bartoldus et al. 
1994) all examine hydrology, substrate, heritage/uniqueness, and fish/wildlife as 
key factors in success. Quantifying the hydrology and substrate composition of a 
wetland is a fairly direct process using codes and definitions developed primarily for 
hydrogeology and wetland delineation (Mitsch and Gosselink 1993). Quantifying a 
measure of heritage or uniqueness is much more subjective but generally looks at 
the historic value or rareness of a site (Kentula et al. 1992). Quantifying fish and 
wildlife habitat values falls somewhere in between these levels of precision, 
generally being equated with their degree of importance to sportsmen. Most 
researchers tend to focus on community composition and species richness to 
measure success. This can be done by comparing the number of species breeding 
at restored wetlands with those found on unaltered natural wetlands (Delphey and 
Dinsmore 1993, VanRees-Siewert 1993) or through guild analysis of various 
communities (De Graaf et al. 1985, Croonquist and Brooks 1991, Schreiber 1994). 
Much of the wetlands research in the Great Plains has focused on the 
northern portion of the region including North Dakota, South Dakota, and Minnesota 
(van der Valk 1989, Sewell and Higgins 1991, Naugle 1997). Recent studies in 
Iowa have focused on the northern portion of the state (Brown and Dinsmore 1986, 
Delphey 1991, Hemesath and Dinsmore 1993, VanRees-Siewert 1993, Schreiber 
1994, Schafer 1996). These studies have shown that restored wetlands have fewer 
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bird species present than their natural counterparts (Brown and Dinsmore 1986, 
1991 , Delphey 1991 ). Restored wetlands often do not have the same vegetation 
zones found in natural wetlands, and often lack a wet meadow zone (Galatowitsch 
and van der Valk 1996b). However, it has been found that, in general , species 
diversity increases with both the age (years since restoration) and area of the 
wetland (Hemesath and Dinsmore 1993, VanRees-Siewert 1993). This may be 
especially true in restored wetlands where vegetation continues to colonize the 
basin, thus providing new habitat over time. It also has been shown that some 
species inhabiting natural wetlands are not found on restored wetlands (Delphey 
and Dinsmore 1993, VanRees-Siewert 1993). In fact, while waterfowl quickly use 
restored basins, some nongame bird species colonize these wetlands more slowly, 
if at all (Delphey and Dinsmore 1993). 
In contrast to northern Iowa, central Iowa has received little study. Between 
1987 and 1996, NAWMP projects were concentrated in the northern part of the 
state, where 3,635 ha of wetlands were restored while only about 486 ha of 
wetlands were restored in central Iowa (Zohrer 1997). The only study of birds on 
central Iowa wetlands found similar numbers of species at natural and restored 
wetlands (LaGrange and Dinsmore 1989a). However, this study sampled only four 
small wetlands. In recent years, several significant wetland areas have been 
restored in central Iowa (e.g., Colo Ponds, Errington Marsh, Harrier Marsh, and 
Gordon's Marsh). The impact that these projects may have on waterbirds and 
other wetland-dependent species has not yet been investigated. Because 
temperature regimes, rainfall patterns, and vegetation vary greatly across the 
Prairie Pothole region , if researchers are to develop a clear picture of whether 
wetland restorations are a success, the investigations must include the entire 
geographic region. 
The objectives of my study were to examine bird use of restored wetlands at 
the extreme southern end of the Prairie Pothole region in central Iowa by: 
(1) comparing the number and diversity of breeding birds at natural 
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and restored wetlands, and 
(2) comparing the guild structure of breeding birds in natural and 
restored wetlands. 
METHODS 
Study Areas 
I studied avian communities in natural and restored wetlands in Boone, 
Dallas, Greene, Hamilton, Polk, and Story counties in central Iowa (Table A-1) . Six 
natural and six restored wetlands were examined in 1996 and 1997. Wetlands 
within 50 miles of Ames were selected in order to remain within the southern 
extension of the Prairie Pothole Region. All of the basins are on publicly owned 
lands, and are managed by federal, state, or county agencies. All of the basins are 
less than 5 ha (0.4-4.0 ha). Restored wetlands ranged from one to seven years 
post-flooding, with most being three to five years old in 1996. In both years, all 
wetlands but one were in the hemi-marsh vegetation stage (40-60% emergent 
cover), the cover type supporting maximum bird diversity (Weller and Spatcher 
1965, Weller and Fredrickson 1974). All restored wetlands were tile drained and 
row cropped prior to reflooding. 
Bird Community Composition 
I established two census points in the middle of the emergent vegetation 
zone (or at water's edge if no emergents were found) on each wetland. One station 
was located using a random compass bearing, and the second was located directly 
across the basin from the first point. This method maximized coverage without 
overlapping the stations. 
Each wetland was visited weekly during the breeding season (mid-May to 
early July) to document bird use. Heavy rains and high water levels in 1996 limited 
visits to five weeks; seven weekly visits were made in 1997. Surveys were 
conducted from sunrise to 0900, rotating the order the wetlands were visited to 
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reduce the possibility of any time-of-day bias (Skirvin 1981). All birds seen upon 
reaching the count station were recorded in an initial count. At each count station, 
all birds seen or heard within a 25m-radius circle, during an eight-minute count 
period, were recorded (Edwards et al. 1981). Data were recorded in one-minute 
intervals. After the eight-minute count was completed, taped calls were played to 
try to elicit responses from four secretive species (Marion et al. 1981, Gibbs and 
Melvin 1993). Two one minute, continuous loop tapes were used, each having two 
30-second recordings. Calls of Sora (Porzana caro/ina), Virginia Rail (Rallus 
limicola), American Bittern (Botaurus lentiginosus), and Least Bittern (/xobrychus 
exilis) were played in minutes nine and ten with responses recorded in minutes 
eleven and twelve. Birds seen outside the 25m-radius circle were recorded 
separately. 
A species was considered breeding at the wetland if adults were recorded on 
at least 50% of all visits, active nests or eggs were found, or flightless young were 
seen. Soras and Virginia Rails were listed as breeding if they were recorded during 
two of the first four weeks of the season (Johnson and Dinsmore 1986). The 
bitterns were considered breeding if they were recorded during two of the last four 
weeks of the season (Swift et al. 1988). 
Guild Structure 
Bird species were assigned to three types of guilds: nest site (edge, 
overwater-surface, overwater-elevated, or upland); foraging habits (ambusher, 
dabbler, diver, prober, marsh gleaner, or upland forager); and food type (carnivore, 
insectivore, omnivore, or herbivore) following De Graaf et al. 1985 and Ehrlich et al. 
1988. Assignment to these guilds focused on their habits during the breeding 
season. 
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Vegetation 
Vegetation was sampled after the breeding season (5-10 July) to minimize 
disturbance to nesting species. Cover maps of the vegetation zones present on 
each wetland were drawn in the field. Vegetation zones identified included low 
prairie, mudflat, wet meadow, emergent, and open water (Stewart and Kantrud 
1971). The vegetated area within each wetland was visually estimated and placed 
into one of six cover class intervals: <1, 1-5, 6-29, 30-50, 51-75, and >75% 
(Daubenmire 1959, Galatowitsch 1993). All wetland plants were identified to 
species following Larson (1993) and identification was verified using the Ada 
Hayden Herbarium at Iowa State University. Voucher specimens of the dominant 
species were deposited in that herbarium. 
Data Analysis 
The bird species were grouped into six categories (Table 1) in order to 
examine total species richness of all the study sites. The following values were 
calculated for each wetland type per year: total bird species present, breeding bird 
species present, number of individuals, and breeding bird densities. Densities 
were calculated using the number of individuals per 25m radius circle only (not data 
from initial counts or from >25m distance counts). I compared the means from 
these categories between wetland types and between years using a Student's t-test 
(Sokol and Rohlf 1995 ). Probability values of p~0.05 were considered significant. 
Breeding species per guild type also were compared in this manner. Within each 
guild type (nest-site, food-type, and foraging method), intraguild comparisons were 
also made using the Student's t-test. Fisher's exact test was used to compare the 
frequency of occurrence based on the proportion of wetlands used for eight species 
(five of the most abundant and three less common) for both wetland types (SAS 
Institute 1988). These frequencies were examined for differences between years 
and between wetland types. The number of breeding bird species found in each 
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vegetative cover class was compared to determine which class contained the most 
breeders in each year. Using each wetland as a single observation (n = 12), 
regression analysis (Minitab 1996) was performed to determine the relationship 
between both the number of breeding bird species as well as the mean total bird 
species found with the percent emergent vegetative cover each year. Data from 
natural and restored wetlands were pooled to provide an overall picture of the 
impact of vegetative cover on bird communities in central Iowa wetlands. One 
wetland, Harrier 1, was excluded from that analysis because it lacked emergent 
vegetation. In both years, regression analysis was also performed to determine if 
there was a relationship between both the number of breeding bird species and the 
total bird species with wetland area. 
RESULTS 
Bird Community Composition 
Species richness differed between years. For both total species and 
breeding species, more species were found in 1997 than in 1996 (Table 1 ). The 
total number of observations for all of the species was higher in 1997 (6449 versus 
2542) (Table A-2). Much of the increase found in 1997 can be accounted for by the 
increases in the number of waterfowl, shorebirds, and songbirds. Overall, 19 
breeding species were found on the study sites in the two years (12 in 1966 and 18 
in 1997) (Tables A-3, A-4). In 1996 and 1997, both the mean number of species 
per wetland and the mean breeding species per wetland were the same in natural 
and restored wetlands (Table 2). However, within each wetland type, significantly 
more total species and breeding species were found in 1997 than in 1996 (Table 2). 
The frequency of occurrence of eight typical prairie pothole nesting species, 
five common species and three less common, showed differences between years 
and between wetland types (Table 3). Of these species, Red-winged Blackbird 
(Agelaius phoeniceus) nested at all of the wetlands in both years, and Yellow-
headed Blackbird (Xanthocephalus xanthocephalus) nested on at least half of the 
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wetlands in both years. Most of the differences between-wetland types occurred in 
1996 with three of the eight species [Canada Goose, Virginia Rail, and Marsh Wren 
( Cistothorus palustris)] being found more often at natural wetlands, and two species 
[Blue-winged Teal (Anas discors) and Yellow-headed Blackbird] being found more 
often at restored wetlands. In contrast, in 1997 only two species, Canada Goose 
and Sora, differed between wetland types. In both cases they were found more 
often at natural wetlands. At both natural and restored wetlands, three species 
differed significantly between years in frequency. For natural wetlands these were 
Table 1. Number of bird SQecies found on central Iowa wetlands in 1996 and 1997. 
Total SQecies Breeding SQecies 
GrouQ Natural Restored Natural Restored 
Waterfowl 
1996 4 6 2 2 
1997 6 10 4 4 
Bitterns/Herons 
1996 3 3 1 0 
1997 4 3 0 1 
Grebes/Coot 
1996 2 2 2 2 
1997 3 2 1 2 
Rails 
1996 2 0 2 0 
1997 2 2 2 2 
Shorebirds 
1996 2 2 0 2 
1997 6 14 1 1 
Songbirds 
1996 12 9 3 3 
1997 12 14 z § 
Totals 
1996 25 22 10 9 
1997 35 45 15 15 
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Table 2. Mean number of bird species found on natural and restored wetlands in 
central Iowa 1996 and 1997. 
Category Year Natural Restored 
Total species 
1996 12.7 A1 n.s.2 12.5A 
(5.9)3 (3.4) 
1997 21.5 B n.s. 20.8 B 
(2.4) (7.1) 
Breeding species 
1996 4.8 A n.s. 4.8 A 
(3.3) (0.9) 
1997 8.7 B n.s. 8.2 B 
(2.3) (2.7) 
1Within each category, values within columns with different letters are statistically 
different (p~0.05) for between-years comparisons, Student's t-test. 
2Between-wetland types comparisons within years, Student's t-test. 
3Standard errors in parentheses. 
Canada Goose, Sora, and Marsh Wren; for restored wetlands they were Virginia 
Rail , Sora, and Marsh Wren. In all cases, the species were found breeding on 
more wetlands in 1997 than in 1996 (Table 3). 
In 1996, breeding bird densities showed a small significant difference 
between wetland types with restored wetlands having a higher density than natural 
wetlands (Table 4). There were no differences between wetland types in breeding 
bird densities in 1997. However, the mean breeding bird density was greater in 
1997 than in 1996 in both natural (p~0 .001) and restored (p~0 . 05) wetlands. 
I did not find any significant relationship between the mean total number of 
bird species and wetland area, or between the mean number of breeding bird 
species and wetland area (p>0.05, both years). 
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Table 3. Proportion of central Iowa wetlands at which eight typical wetland-nesting 
bird sgecies were found . 
Wetland T~ge 
Sgecies Year Natural Restored 
Canada Goose 1996 3/6A1 *2 1/6A 
1997 5/6 B * 1/6A 
Blue-winged 1996 3/6A * 6/6A 
Teal 1997 4/6A n.s. 5/6A 
Virginia Rail 1996 2/6A * 0/6A 
1997 3/6A n.s. 3/6 B 
Sora 1996 1/6 A n.s. 0/6A 
1997 616 B * 4/6 B 
American Coot 1996 4/6A n.s. 4/6A 
1997 4/6A n.s. 4/6A 
Marsh Wren 1996 3/6A * 1/6 A 
1997 616 B n.s. 5/6 B 
Yellow-headed 1996 3/6A * 5/6A 
Blackbird 1997 4/6A n.s. 4/6A 
Red-winged 1996 6/6A n.s. 6/6A 
Blackbird 1997 6/6A n.s. 6/6A 
1Between-years comparison within wetland types, Fisher's exact test (2-tailed). 
Values within a column with different letters are statistically different. 
p~0.05. 
2Between-wetland types comparison within years, Fisher's exact test (2-tailed). 
* = p~0.05. 
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Nest-site Guilds 
Four nest-site guilds were found among the bird species in my study (Table 
A-5). For each nest-site guild and in both years, the average number of nesting 
species per wetland was the same between wetland types (Table 5) . There was a 
significant year-to-year difference within both wetland types for the mean number of 
both edge and upland nesters (Table 5). In 1996, natural wetlands had a 
descending species richness pattern progressing from overwater-elevated nesters 
to overwater-surface nesters, upland nesters, and edge nesters (Table 5). The only 
comparison that was statistically significant was between edge nesting species and 
overwater-elevated nesting species (Table 6) In the same year, for restored 
wetlands, arranging the four nest-site guilds in descending order of species 
richness produced the pattern overwater-elevated nesters, upland nesters, 
overwater-surface nesters, and edge nesters (Table 5). Significantly fewer edge 
nesting species were found on restored wetlands than the other three guilds (Table 
6). The same order of guilds also was found in restored wetlands in 1997, but not 
in the natural wetlands in that year (Table 5). Natural basins had no statistical 
differences between upland, overwater-elevated, and overwater-surface nesting 
species in 1997. However, all three of these guilds averaged significantly more 
breeding species than the edge nesting guild (Tables 5, 7). 
Table 4. Mean breeding bird densities (bird/hectare) per 25m radius circle on 
natural and restored wetlands in central Iowa. 
Wetland type 
Year Natural Restored 
1996 54.6A1 *2 82.9 A 
(3.1)3 (1.6) 
1997 131.98 n.s. 130.88 
(2.9) (4.0) 
1Values in columns with different letters are statistically significant (~0.05) for 
between-years comparison, within a wetland type, Student's t-test. 
28etween-wetland types comparison within years, Student's t-test. * = p~0.05. 
3Standard errors in parentheses 
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Food-type Guilds 
Nesting species were assigned to one of four food-type guilds (Table A-5) . 
No significant differences were found in the average number of breeding species 
per wetland between wetland types in either year (Table 8) . The only year-to-year 
difference found was within the omnivores on both natural and restored wetlands. 
Significantly more omnivores were found in 1997 than in 1996 (Table 8). 
Herbivores had the fewest species per wetland of all the guilds in both years and 
insectivores had the most. lntraguild comparisons produced similar patterns within 
wetland types for both years. Natural wetlands averaged significantly more 
insectivores than herbivores in 1996 (Tables 8, 9), and more insectivores than the 
other three guilds in 1997 (Tables 8, 10). In both years, restored wetlands produced 
a similar pattern of food-type guilds. In both years, the herbivores had the fewest 
average species per wetland type (Table 8) and the comparisons of herbivores to 
the other guilds were significant for all except the herbivore-omnivore comparison in 
1996 (Tables 9, 10). In 1996, on restored wetlands, significantly fewer omnivores 
than carnivores and fewer omnivores than insectivores were found (Tables 8, 9). 
Foraging-method Guilds 
Nesting bird species were divided into six foraging-method guilds (Table A-
5). No significant differences were found in the average number of breeding 
species per wetland between wetland types in either year (Table 11). Year-to-year 
differences were significant for two guilds; probers on restored wetlands and marsh 
gleaners on both wetland types. In both of these guilds the average number of 
breeders per wetland was greater in 1997 than in 1996 (Table 11). The intraguild 
comparisons were very similar for both natural and restored wetlands in 1996. 
There were significantly more marsh gleaners than all other guilds except the 
dabbler guild (Tables 11 , 12). The dabbling guild had the next most species, 
followed by upland foragers, probers, divers, and water ambushers. In both 
wetland types there was no significant difference in the ordering of the last three 
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guilds (Table 12). At natural and restored sites in 1997, marsh gleaners and 
dabblers were again the two most common guilds (Table 11 ). Next, in descending 
order, were the probers and upland foragers, which were not statistically different 
from each other (Table 13). In restored wetlands, the divers and water ambushers 
had the fewest species per wetland (Table 11 ). Neither of these guilds were 
represented on natural wetlands in 1997. 
Table 5. Mean number of nesting species per wetland assigned to four nest-site 
guilds for 1996 and 1997. 
Nest-site Wetland T~12e 
Guild Year Natural Restored 
Edge 1996 0.5A1 n.s.2 O.OA 
(no. species = 2) (0.8)3 (0.0) 
1997 1.5 B n.s. 1.2 B 
(0.5) (0.8) 
Upland 1996 1.2A n.s. 1.5A 
(no. species= 9) (1 .2) (0.8) 
1997 3.3 B n.s. 2.8 B 
(1.4) (0.8) 
Overwater- 1996 2.0A n.s. 2.2A 
elevated (0.9) (0.4) 
(no. species= 5) 1997 3.0A n.s. 3.2A 
(0.9) (1.2) 
Overwater- 1996 1.5A n.s. 1.0A 
surface (1.5) (0.6) 
(no. species= 5) 1997 2.2A n.s. 2.0A 
(0.4} (1.3} 
1Between-years comparison within a wetland type, Values within a column with a 
different letter are statistically different (p~0.05), Student's t-test. 
2Between-wetland types comparison within a year, Student's t-test. 
3Standard errors in parentheses 
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Table 6. Comparison of mean number of nesting species per wetland based on 
assignment to nest-site guilds in 1996. Probability values are based on 
Student's t-test. 
Nest-site Guild EOG1 
EOG 
UPL 
OWE 
ows 
0.01 3 
0.001 
0.01 
UPL 
n.s. 2 
n.s. 
n.s. 
OWE 
0.05 
n.s. 
0.01 
ows 
n.s. 
n.s. 
n.s. 
1EOG =edge, UPL =upland, OWE= overwater elevated, OWS = overwater 
surface. 
2Values in normal print are for natural wetlands. 
3Values in bold print are for restored wetlands. 
Table 7. Comparison of mean number of nesting species per wetland based on 
assignment to nest-site guilds in 1997. Probability values are based on 
Student's t-test. 
Nest-site Guild EOG 
EOG 
UPL 
OWE 
ows 
0.01 2 
0.01 
n.s. 
UPL 
0.01 1 
n.s. 
n.s. 
1Values in normal print are for natural wetlands. 
2Values in bold print are for restored wetlands. 
OWE 
0.001 
n.s. 
n.s. 
ows 
0.01 
n.s. 
0.01 
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Table 8. Mean number of nesting species per wetland assigned to one of four 
food-type guilds for 1996 and 1997. 
Food-type 
Guild 
Carnivore 
(no. species= 6) 
Year 
1996 
1997 
Insectivore 1996 
(no. species = 6) 
1997 
Omnivore 1996 
(no. species= 6) 
1997 
Herbivore 1996 
(no. species = 1) 
1997 
Natural 
0.8A 
(1.0)2 
1.7A 
(0.8) 
2.2A 
(1.2) 
3.0A 
(0.0) 
1.2 A3 
(1.2) 
2.2 B 
(0.4) 
Wetland Type 
n.s. 1 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
Restored 
1.5A 
(0.5) 
2.3A 
(1.0) 
2.2A 
(0.8) 
2.7A 
(1.0) 
0.7 A 
(0.5) 
2.2 B 
(1.2) 
0.5A n.s. 0.2A 
(0.5) (0.4) 
0.8A n.s. 0.2A 
(0.4) (0.4) 
1Between-wetland types comparison within a year, Student's t-test. 
2Standard errors in parentheses. 
3Between-years comparison within a wetland type. Values within a column with 
a different letter are statistically different (p~0.05), Student's t-test. 
Table 9. Comparison of mean number of nesting species per wetland based on 
assignment to food-type guilds in 1996. Probability values based on 
Student's t-test. 
Food-type 
Guild 
CARN 
INSE 
OMNI 
HERB 
CARN1 
n.s.3 
0.05 
0.001 
n.s.2 
0.01 
0.001 
INSE OMNI 
n.s. 
n.s. 
n.s. 
n.s. 
0.01 
n.s. 
HERB 
1CARN = carnivore, INSE = insectivore, OMNI = omnivore, HERB = herbivore. 
2Values in normal print are for natural wetlands. 
3Values in bold print are for restored wetlands. 
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Table 10. Comparison of mean number of nesting species per wetland based on 
assignment to food-type guilds in 1997. Probability values based on 
Student's t-test. 
Food-type 
Guild 
CARN 
INSE 
OMNI 
HERB 
CARN 
n.s.2 
n.s. 
0.001 
INSE 
0.01 1 
n.s. 
0.001 
1Values in normal print are for natural wetlands. 
2Values in bold print are for restored wetlands. 
Vegetation 
OMNI 
n.s. 
0.001 
0.01 
HERB 
0.05 
0.001 
0.001 
A total of 73 plant species was found on the study sites over the two years 
(Table A-6). Thirty-five of these were confined to natural wetlands. Thirty-one 
families were represented , with 12 of these limited to natural wetlands (Table A-6) . 
All of the natural wetlands in my study had four vegetation zones; low prairie, wet 
meadow, seasonal-shallow marsh, and semi-permanent marsh (Table A-7). All of 
the restored wetlands had zones 1,3, and 4, but lacked the wet-meadow zone of 
vegetation. Of the species of plants not found on restored wetlands, most (19 of 
the 35 species) occupied the wet-meadow zone. Emergent cover was generally 
greatest on natural wetlands, averaging 54% in 1996 and 59% in 1997 (Table 14). 
Restored wetlands averaged 43% cover in 1996 and 48% in 1997. If Harrier 1 is 
not included, due to its lack of emergent cover, restored wetlands averaged 51 % 
cover in 1996 and 57% cover in 1997. 
The dominant species at natural wetlands were cattails (Typha spp.) and 
then rushes (Carex spp.). One exception was Engeldinger Marsh, which is a 
kettlehole marsh dominated by various species of sedges (Scirpus spp.) and few 
cattails. A key characteristic of natural wetlands is that generally the vegetative 
community is more diverse and has greater open water-vegetation interspersion 
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(Galatowitsch and van der Valk 1996a). Natural wetlands in my study had few 
large monotypic stands of vegetation. Restored wetlands had a less dense, but 
more uniform emergent cover ranging from 0% cover at Harrier 1 to 75% at Voas 2 
(Table 14). The dominant species at all restored wetlands was cattails, 
interspersed with some rush species. 
Three of the six possible vegetation cover classes were represented on the 
study sites in 1996, and four of the six were found in 1997 (Table 15). Cover 
classes 2 and 3 were not present in either year. The average number of breeding 
bird species was greatest in cover class 4 in both 1996 and 1997. In both years, 
the pattern was for the number of breeding bird species to increase through the 
cover classes up to class four (30-50% cover), and then to decrease in classes with 
greater cover (Table 15). The relationship between the mean number of breeding 
bird species and the percent emergent vegetative cover was significant both years 
(1996: R2 = 0.310, Y = 14.81 - 0.19X, p~0 .01; 1997: R2 = 0.684, Y = 23.30 - 0.28X, 
p~0.01 ). I found a significant negative relationship (p ~ 0.05) between the average 
total number of species and the percent emergent vegetative cover in 1996 (R2 = 
0.119, Y = 24.75-0.23X, p~0.05), but not in 1997. I did not include Harrier 1 in any 
of these regressions due to its lack of emergent vegetation in both years. 
DISCUSSION 
Bird Community Composition 
The total bird species richness of all 12 sites in my study differed greatly 
between the two years. In 1996, 29 species were found on the wetlands, 
whereas50 species were found in 1997. The number of species found on restored 
wetlandsin 1997 (45) is similar to the 42 species found by VanRees-Siewert (1993) 
on restored wetlands (16 basins in 1991 , 24 in 1992) in northwestern Iowa. 
One of the major families of birds found on wetlands, the waterfowl, contributed 
less to theoverall diversity of restored wetlands in central Iowa than it did in studies 
of restored wetlands farther north in the prairie pothole region. 
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Table 11. Mean number of nesting species per wetland assigned to six foraging-
method guilds for 1996 and 1997. 
Foraging-method 
Guild 
Water Ambusher 
(no.species =1) 
Prober 
(no.species =2) 
Dabbler 
(no.species =5) 
Diver 
(no.species =1) 
Marsh Gleaner 
(no.species =8) 
Upland Forager 
(no.species =7) 
Year 
1996 
1997 
1996 
1997 
1996 
1997 
1996 
1997 
1996 
1997 
1996 
1997 
Wetland T~~e 
Natural Restored 
0.2A n.s.1 O.OA 
(0.4)2 (0.0) 
O.OA n.s. 0.2A 
(0.0) (0.4) 
0.5A n.s 0.2A3 
(0.8) (0.4) 
1.8A n.s 1.2 B 
(1.2) (0.8) 
1.2A n.s. 1.7A 
(1 .0) (0.5) 
2.3A n.s. 2.5A 
(1.2) (1 .0) 
0.2A n.s. 0.2A 
(0.4) (0.4) 
O.OA n.s. 0.3A 
(0.0) (0.5) 
2.0A n.s. 2.0A 
(0.9) (0.6) 
3.8 B n.s. 3.0 B 
(0.8) (0.9) 
0.7A n.s. 0.5A 
(0.8) (0.8) 
1.0A n.s. 0.7A 
(0.6) (0.5) 
1Between-wetland type comparison, within years, Student's t-test. 
2Standard errors in parentheses. 
38etween-years comparison within a wetland type. Values within a column with a 
different letter are statistically different (p~0.05), Student's t-test. 
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Table 12. Comparison of mean number of nesting species per wetland based on 
assignment to foraging-method guilds in 1996. Probability values based 
on Student's t-test. 
Foraging-method 
Guild WA1 PR DA DI MG UP 
WA n.s.2 0.05 n.s. 0.01 n.s. 
PR n.s.3 n.s. n.s. 0.01 n.s. 
DA 0.001 0.001 0.05 n.s. n.s. 
DI n.s. n.s. n.s. 0.01 n.s. 
MG 0.001 0.001 n.s. 0.001 0.05 
UP n.s. n.s. 0.05 n.s. 0.01 
1WA = water ambusher, PR = prober, DA = dabbler, DI = diver, MG = marsh 
gleaner, UP = upland forager. 
2values in normal type are for natural wetlands. 
3Values in bold type are for restored wetlands. 
Table 13. Comparison of mean number of nesting species per wetland based on 
assignment to foraging-method guilds in 1997. Probability values based 
on Student's t-test. 
Foraging-method 
Guild WA PR DA DI 
WA 0.01 1 0.01 n.s. 
PR 0.01 2 n.s. 0.01 
DA 0.001 0.05 0.01 
DI n.s. 0.05 0.01 
MG 0.001 0.01 n.s. 0.001 
UP n.s. n.s. 0.01 0.001 
1Values in normal type are for natural wetlands. 
2values in bold type are for restored wetlands. 
MG UP 
0.001 0.01 
0.01 n.s. 
0.05 0.01 
0.01 n.s. 
0.05 
0.001 
25 
Table 14. Percent emergent vegetative cover per wetland for 1996 and 1997 
% emergent cover 
Wetland Type 1996 1997 
Natural 
Cooper's Marsh 1 
Camp Dodge 
Errington 1 
Errington 22 
Engeldinger Marsh 
Snake Creek 
Average 
Restored 
65 
45 
50 
50 
50 
65 
54 
85 
45 
50 
45 
50 
80 
59 
Gordon's Marsh 50 50 
Harrier Marsh 13 0 0 
Harrier Marsh 2 45 50 
Harrier Marsh 3 50 50 
Voas Marsh 12 50 60 
Voas Marsh 2 60 75 
Average 43 48 
1Cooper's Marsh was chemically treated to stop encroachment of woody species, 
spring of 1997. 
2Errington Marsh 2 and Voas Marsh 2 had their uplands burned in the spring of 
1997. 
3Harrier Marsti 1 was restored in 1995, and first flooded in 1996. 
Table 15. Average number of nesting bird species per vegetative cover class at 
central Iowa wetlands. 1996 and 1997. 
Cover % cover 1996 1997 
class sites 1 species 
1 <1 1 3.0 
2 1-5 0 0 
3 6-29 0 0 
4 30-50 8 5.6 
5 51-75 3 3.0 
6 >75 0 0 
1sites = the number of wetlands in each cover class. 
sites 
1 
0 
0 
7 
2 
2 
species 
5.0 
0 
0 
9.9 
9.0 
5.7 
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I found only 7 waterfowl species using central Iowa wetlands in 1996 and 11 
in 1997 compared to 13 species in eastern South Dakota and southwestern 
Minnesota (Sewell and Higgins 1991), and 14 species in northwestern Iowa 
(Van Rees-Siewert 1993). This is likely because central Iowa is south of the usual 
breeding range for several waterfowl species. 
The between-years differences are much less striking when breeding bird 
species are considered. I found 12 breeding species in 1996 and 18 in 1997. 
These totals are close to the 15 breeding species found by VanRees-Siewert 
(1993). The composition of the breeding bird communities in these two studies is 
similar. Species that bred in northwestern Iowa but not at my sites include 
Northern Shoveler (Anas c/ypeata), Ruddy Duck (Oxyura jamaicensis), and 
Swamp Sparrow (Melospiza georgiana). Species that I found breeding in central 
Iowa wetlands that were not found breeding by VanRees-Siewert (1993) included 
Least Bittern, Wilson's Phalarope (Phalaropus tricolor), Sedge Wren (Cistothorus 
platensis), Great-tailed Grackle (Quiscalus mexicanus), and Common Grackle 
(Quiscalus quiscula) (Tables A-3, A-4). 
I found strong year-to-year differences in both total and nesting species 
richness. I believe that these year-to-year differences are explained by the higher 
precipitation levels that occurred in May (average= 16.51cm) and June (average= 
14.33cm) of 1996. In 1996, these two months had 10.92cm more rain than the 
same two months (8.92cm and 10.99cm respectively) in 1997 (NOAA 1996, 1997). 
This produced high water levels in all basins in my study, often to the point of 
inundating portions of the surrounding upland vegetation. The high water flooded 
out many nests and probably prevented several species from nesting on some of 
the wetlands. 
Previous studies have documented that poorly established vegetation in the 
first few years after restoration contributed greatly to reduced numbers of breeding 
birds on restored wetlands (Delphey and Dinsmore 1993, Schreiber 1994, 
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VanRees-Siewert and Dinsmore 1996). With one exception, I selected restored 
wetlands at least three years post restoration, with well-established vegetation, to 
attempt to limit the effect of vegetation on the bird communities in my study. The 
exception, Harrier 1, was restored in 1995 and showed signs of good vegetative 
growth when selected in spring 1996. However it had no emergent vegetation 
during the breeding season in 1996 and very little in 1997. 
One of the most surprising results of my study was the similarity in bird 
species richness on the two wetland types. Overall, I found that the average 
number of breeding species on natural and restored sites was equal in both years 
(Table 2). The mean number of breeding species per wetland that I found is similar 
to the seven nesting species found at four other restored wetlands in central Iowa 
(LaGrange and Dinsmore 1989a). 
Despite their similarity in breeding species richness, the frequency of 
occurrence data for eight species provides some indication of between-wetland 
type differences. I looked at frequency of occurrence data for five common 
wetland-nesting species (Red-winged Blackbird, Yellow-headed Blackbird, Blue-
winged Teal, Canada Goose, and American Coot), and three less common 
wetland-nesting species (Marsh Wren, Sora, and Virginia Rail). Of these eight 
species, the Red-winged Blackbird was the most opportunistic, nesting on all of the 
sites in both years (Table 3). Yellow-headed Blackbirds and Blue-winged Teal also 
nested frequently, being found on at least half of the wetlands (both natural and 
restored) each year. These results match the findings of Delphey (1991) and 
VanRees-Siewert (1993), who also found that Red-winged Blackbird, Yellow-
headed Blackbird, and Blue-winged Teal had the greatest frequency of occurrence 
of wetland-nesting species in northwestern Iowa wetlands. In 1996 I found Yellow-
headed Blackbirds and Blue-winged Teal more frequently at restored than natural 
wetlands (Table 3), perhaps in response to the higher water levels noted earlier. 
In general, restored wetlands in central Iowa appear to have more 
grasslands surrounding them than their natural counterparts (personal observation). 
28 
Many of the natural wetlands in central Iowa are next to, or very near, roads or 
cultivated fields, severely limiting the amount of grassland vegetation around them. 
This factor increases the likelihood of nest failure for upland nesting species in wet 
years because high water levels will flood what little grassland habitat is available. 
Restored wetlands, in contrast, are often part of larger wildlife complexes that have 
more grassland habitat available, even during periods of high water. Yellow-
headed Blackbirds nest over water in deeper areas, especially near open water 
areas (Weller and Spatcher 1965, Schafer 1996). This cover pattern was more 
common in restored basins in 1996. Blue-winged Teal are upland nesting species 
and, again, grassland habitat was more common at restored sites in 1997 than in 
1996. At natural wetlands, the high water of 1996 flooded much of the emergent 
vegetation as well as much of the surrounding grasslands. Flooding in both natural 
and restored wetlands resulted in nest failures both directly and indirectly through 
nest abandonment (personal observation). 
Next to the blackbirds and teal, American Coot was the next most ubiquitous 
in its use of wetlands, nesting with equal frequency (four of six sites) in both 
wetland types each year (Table 3). This is somewhat contrary to the idea that 
coots prefer newly flooded areas with sparse vegetation and much open water 
(Weller and Spatcher 1965). This may be a result of the similar nature of the 
vegetative cover patterns in the selected wetlands, as I will discuss later in the 
section on vegetation. 
The final common species I examined for frequency of occurrence was the 
Canada Goose. In both years, this species was found more often on natural 
basins, nesting only at Gordon's marsh among the restored sites (Table 3). 
Because the restored sites are all within complexes containing several small 
wetlands, Canada Geese may have nested on other basins within these 
complexes. The relatively recent reintroduction of Canada Geese into central Iowa 
may also be a factor in their use of restored sites. Many of the natural wetlands 
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could be traditional breeding sites, and the restored sites may just need more time 
to attract breeding geese. 
Of the three less-common species, the Sora nested more frequently at 
natural wetlands in both years and nested only at natural sites in 1996 (Table 3) . 
Virginia Rail was also absent from restored sites in 1996 and only nested on two of 
the natural basins. Virginia Rails did nest on both wetland types equally in 1997 
(four of six basins). Marsh Wrens showed a similar pattern of nesting frequency, 
being found more frequently on natural than restored basins in 1996 (Table 3) . 
Marsh Wrens did not show a preference in wetland type in 1997. 
Both VanRees-Siewert (1993) and Schreiber (1994) concluded that breeding 
bird diversity should increase as wetland restorations increase in age and 
vegetation complexity. They also suggested that the overall number of species will 
increase over time. My results, with an increase in the number of breeding species 
from 1996 to 1997 and the occurrence of all eight of the above species nesting at 
restored basins in 1997, seem to support their findings. 
Perhaps of greatest interest in the frequency data is the relatively high 
frequency of occurrence with which Virginia Rail and Sora nested at restored 
basins in 1997. As noted earlier, previous studies in northern Iowa by Delphey 
(1993) and VanRees-Siewert (1993) speculated that the lack of a wet-meadow 
zone would limit rails from using restored wetlands. Delphey (1991) did not find any 
rails breeding at restored sites in northern Iowa. In 1992, VanRees-Siewert (1993) 
found Virginia Rails nesting at three restored sites and Soras at only one 
restoration. The lack of a wet-meadow vegetation zone at restored sites was used 
to explain their absence in earlier studies (Delphey 1993, VanRees-Siewert 1993, 
Galatowitsch and van der Valk 1996b) and may explain why these species were 
missing from restored wetlands in 1996. Combining the lack of the wet-meadow 
zone with the high water levels of 1996 (which flooded the edges of several 
wetlands), the absence of these two rails from restored wetlands in 1996 is even 
less unusual. However, this reasoning does not explain why they did nest on 
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restored wetlands in 1997. My 1997 data suggest that the missing wet-meadow 
zone may not be the only limiting factor, and that given time to mature, restored 
wetlands will provide suitable habitat for these species to nest in. It may be that 
dense stands of emergent vegetation in shallow water can provide sufficient habitat 
for rails to nest successfully. 
The breeding bird density data from my study provided results similar to 
studies done in northern Iowa. Those studies (Delphey and Dinsmore 1993, 
Hemesath and Dinsmore 1993, VanRees-Siewert and Dinsmore 1996) generally 
found similar densities in restored and natural wetlands. My results indicate that in 
1997 there was no difference in species density between the two wetland types 
(Table 4). The small difference between the density of breeding birds at natural 
versus restored wetlands in 1996 (Table 4) is likely a result of the high water levels 
in that year. Within each wetland type there was a large between-years difference 
in densities (Table 4). As I noted earlier, the apparent smaller amount of uplands 
available for nesting species in natural wetlands during May and June of 1996 
could explain the lower densities found that year. Although one might expect that 
birds would be more crowded together when less habitat is available, I believe that 
many birds simply abandoned the area after nesting habitat became flooded. 
Guild Analysis 
Verner (1984) and Croonquist and Brooks (1991) both show that the 
analysis of breeding bird communities using guild associations can provide powerful 
insight into how community structure and composition change in different habitats. 
The ability to predict what species could be found in a specific habitat by analyzing 
species according to their functional roles would allow a manager to know what the 
potential community composition for a specific habitat is. The emphasis on 
functional roles for each species allows for a clearer picture of how a restoration 
project can be evaluated, and perhaps improved (Weller 1997). 
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One of the most striking results I found in my study is the lack of any guild 
differences between wetland types. Like Schreiber (1994), I focused on three 
categories of guilds when examining the breeding species in my study: 1) nest-
sites, 2) food-types, and 3) foraging methods (DeGraaf et al. 1985). Although I 
used the same three basic guilds, my results differed greatly from her study. 
For nest-site guilds, the least represented guild in both years was the edge 
nesting species (Sora and Virginia Rail, Table A-6). In 1996 this guild averaged 
fewer than one breeding species per wetland. The fact that only two species were 
assigned to this guild (Table A-5) may explain why it is so poorly represented in 
these central Iowa wetlands. Each of the other three nest-site guilds has at least 
five species. Upland nesting species also showed a yearly difference, averaging 
almost twice as many breeding species in 1997 versus 1996 (Table 5). Unlike 
Schreiber (1994), none of the four nest-site guilds had any differences in the 
average number of breeding species at natural versus restored wetlands. In fact, 
two guilds (overwater-elevated and overwater-surface nesting species) showed no 
differences between wetland types or between years (Table 5). The year-to-year 
differences in edge and upland nesting species may be accounted for by the high 
water levels in 1996. Both of these habitat types were less available in 1996 and, 
because the water didn't begin to recede until late June, renesting was unlikely. 
Within the food-type guilds, herbivores were the least represented guild 
(Table 8). However, the restriction of this guild to only one species (Canada 
Goose) makes its usefulness in comparisons weak. Once again, for each year and 
within each of the food-type guilds, no differences were found between natural and 
restored wetlands. This is in contrast to Schrieber (1993) who found that natural 
wetlands generally had more breeding species in all four food-type guilds than 
restored wetlands. Examining each year for intraguild comparisons, I did find some 
differences between natural and restored wetlands. Natural wetlands in 1996 
averaged more insectivores than herbivores (Table 9). Insectivores and carnivores 
were equally common in restored wetlands in 1996, followed by omnivores and 
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then herbivores (Table 9). In 1997 intraguild patterns were similar, with natural 
wetlands having significantly more insectivores than each of the other three guilds 
(Table 10). Restored wetlands in 1997 averaged equal numbers of all food-type 
guilds except herbivores. The relative evenness of vegetative cover may explain 
the balanced food-type guild structure seen in central Iowan wetlands. All but four 
basins supported plant communities that fit into the optimal hemi-marsh conditions 
described by Weller and Spatcher (1965). Harrier 1 had no emergent vegetation in 
either year, and three basins (Cooper's, Snake Creek, and Voas 2) had more than 
75% emergent cover in 1997. Because most of the restorations in my study were 
several years old, and invertebrates have been shown to recolonize restored 
wetlands rapidly (Sewell and Higgins 1991, Delphey 1993, VanRees-Siewert 1993, 
Lillie and Evrard 1994), it is likely that a strong prey base was available for birds 
feeding at these sites. 
As with the two other guilds, the foraging-method guilds showed no 
between- wetland type differences in either year (Table 11 .) This guild type had 
two poorly represented guilds, both in terms of the average number of nesting 
species and frequency of occurrence. These were the water ambushing guild 
(Least Bittern) and the diving guild (Pied-billed Grebe). These two guilds showed 
no significant differences in any of the comparisons made. The probing guild is 
limited to only two species, Virginia Rail and Sora. The fact that more probers were 
found in restored sites in 1997 than in 1996 (Table 11) reflects the greater 
availability of shallow water habitat with emergent vegetative cover in 1997. 
Because the two probing species are also found in the poorly represented edge-
nesting guild, it is difficult to pinpoint what part of their habitat is most important in 
predicting the presence or absence of these species. In both years, the marsh 
gleaning and dabbling species were generally the best represented breeding 
species in both wetland types (Table 11). The species found in these two guilds 
are many of the same species assigned to the insectivore and carnivore food-type 
guilds (Table A-5), therefore their dominance in the foraging-method category 
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matches the previous results . In both natural and restored basins, more marsh 
gleaner species were found in 1997 than in 1996. lntraguild comparisons of the 
foraging-method guilds for each year show a similar community composition in the 
two wetland types. After the marsh gleaning and dabbling species, upland foragers 
were the next best represented guild followed by probing species and then water 
ambushing species. 
The overall similarity in the guild structure on restored and natural wetlands 
was unexpected. While the prominence of any one breeding guild may change 
slightly from year-to-year, the overall community picture suggests that, at least in 
central Iowa, restored wetlands do support bird communities comparable to those 
found in natural wetlands. 
Vegetation 
Prairie wetlands have been shown to undergo a natural cycling of vegetation 
cover patterns, from complete open water to increasingly dense emergent 
vegetation and back again (van derValk 1981). Restored wetlands in my study 
were selected to have a percent emergent vegetation pattern that would place them 
in the hemi-marsh stage proposed by Weller and Spatcher (1965) to support the 
most diverse avifauna. In 1996, all but one basin (Harrier 1, 0%) had between 45-
65% emergent vegetative cover. Harrier 1 was expected to have greater coverage, 
but emergent vegetation did not materialize in either year. This could be due to 
early flooding in 1996 inhibiting vegetative growth, or a depauperate wetland seed 
bank in that location. Hemesath and Dinsmore (1993) and VanRees-Siewert and 
Dinsmore (1996) found that the diversity of the avian community in restored 
wetlands is very dependent on vegetative structure, with older restorations having 
more diverse communities than younger ones. By selecting for restorations with 
fairly similar vegetative patterns I hoped to limit the influence of cover on the bird 
community. 
34 
Results of the regression analysis indicate that as the amount of vegetative 
cover increases, the number of bird species decreases, especially for breeding 
species. Weller and Spatcher (1965) report that wetlands with 30-60% vegetation 
cover and considerable vegetation-open water interspersion support the most 
diverse avifauna. The negative relationship I found between both the total number 
of bird species and the number of breeding bird species, and the percent emergent 
vegetative cover adds further support to their conclusion by showing that as 
vegetation increases past the hemi-marsh stage avifauna richness can be expected 
to decline. 
The results of my study indicate that marsh birds using restored wetlands 
respond to vegetative cover patterns in similar fashion as birds at natural wetlands 
do. Therefore, managers should take the cyclic nature of vegetative cover into 
account when acquiring or planning restoration projects. Ideally, wetlands would be 
restored at a staggered rate within complexes in order to have a variety of 
vegetation stages available at any one time. Vegetation patterns do respond to 
seasonal water levels (van der Valk 1981) so allowances must also be made for the 
highly variable precipitation levels in the Great Plains, as these fluctuations can 
lead to unpredictable water levels in wetlands. 
Wetland Area and Age 
Previous studies have addressed the importance of wetland area in 
determining the avian community in natural (Brown and Dinsmore 1986) and 
restored wetlands (Hemesath and Dinsmore 1993), with larger wetlands generally 
having more diverse breeding bird communities. Central Iowa does not have a 
great number of large wetlands (>10 ha), so my sample concentrated on small 
basins. While this may have limited the impact of area on the bird community, the 
largest wetland in my study (Camp Dodge, 4.0 ha) did have the most breeding bird 
species in both years, with 8 in 1996 and 12 in 1997 (Tables A-3, A-4). Likewise, 
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the smallest wetland (Voas 2, 0.4 ha) had relatively few breeding species with three 
in 1996 and five in 1997 (Tables A-3, A-4). However, in contrast to previous 
studies, I found no significant relationship between the number of breeding species 
per wetland and wetland area. 
Area-dependency of breeding bird species has also been proposed as a 
factor in the makeup of wetland bird communities (Brown and Dinsmore 1986, 
Naugle 1997). These studies showed that some species such as Canada Goose, 
Blue-winged Teal, and Pied-billed Grebe are area-dependent, whereas other 
species such as American Coot, Least and American bitterns, and Marsh Wren are 
only moderately so. Both studies concluded that although species may be area-
dependent most of the time, they may become area-independent if habitat 
conditions warrant. Naugle (1997) used the Virginia Rail as an example of a 
species that is normally very area-dependent, but that will nest on smaller wetlands 
if that is the only habitat available. This may explain why these relatively small 
wetlands in central Iowa do support species normally thought of as being area-
dependent such as Virginia Rail and Wilson's Phalarope. 
Other studies focusing on the effect on the bird community of the age of the 
restored wetland since reflooding (Hemesath and Dinsmore 1993, Schreiber 1994, 
VanRees-Siewert and Dinsmore 1996) produced mixed results. Hemesath and 
Dinsmore (1993) found that the time since restoration did not affect the subsequent 
bird community as much as the duration of drainage. The other two studies 
concluded that older restorations have a more diverse avifauna. Vegetation 
(Galatowitsch and van der Valk 1996b) and invertebrates (Van Rees-Siewert 1993, 
Lillie and Evrard 1994) have also been shown to increase in diversity over time. 
My study attempted to control against the influence of area by selecting both 
natural and restored basins that were all similar in size (~4.0 ha). I also selected 
restored sites more than three years post-restoration to decrease the importance of 
time since restoration on the breeding bird community. The one exception to this is 
Harrier 1, which was restored in 1995 and first flooded in 1996. This wetland was 
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used due to a lack of other, better suited, restored basins in central Iowa at the start 
of this project. 
Conclusions and Recommendations 
In conclusion, my results indicate that restored wetlands in central Iowa 
support breeding bird communities with species richness, breeding bird density, 
and guild structure that are similar to those found in natural wetlands in this region. 
I believe that a primary reason for this is the location of the study. Central Iowa 
lands have been drastically altered due to agricultural practices. Dahl (1990) 
estimated that nearly 98% of the wetlands in this area had been drained by the 
1980s. Restoration efforts have only recently begun to expand into central Iowa, 
and will likely proceed very slowly. Agricultural constraints limit wetland habitat 
availability in this region to relatively small basins, both for natural and restored 
locations. Breeding bird usage of central Iowa wetlands may be a case of 
waterbirds taking advantage of what habitat is available, ideal conditions or not. 
The wetlands in my study may not be producing large numbers of birds each 
year, but they can still serve a crucial role in overall production levels and also as 
stop-over sites. In central Iowa, sheetwater wetlands are used extensively by 
Mallards during spring migration and are an important source of high-energy food 
(LaGrange and Dinsmore (1988, 1989b ). Detailed studies of the nutritional benefit 
of fully restored wetlands to other migrating species could clarify their importance to 
the population levels of wetland bird species in general. 
Wetland restoration projects need to continue to attempt to replace the 
millions of acres of this habitat lost in the last two centuries. Ideally such projects 
will include complexes of different aged restorations that can provide a variety of 
vegetational stages for avifauna colonization. Where only single basins can be 
restored, active management may be needed to optimize conditions for breeding 
species. One area for further research is the effect of burning or chemical 
treatment of dense emergent vegetation on the faunal communities. Three of the 
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basins (Errington 2, Voas 2, and Cooper's) in my study received some form of 
active management in 1997 (Table 14). Linz et al. (1996) found that in North 
Dakota, waterfowl responded positively to chemical management of cattails within 
two years of treatment. The long-term effects of such proceedures on non-game 
marsh birds needs to be investigated more closely. 
The results of my study and those from studies farther north indicate that 
more research into landscape-level differences in the response of species to 
wetland restorations. Even though the process of wetland restoration will be similar 
throughout the region, the results obviously may not be. Comparisons between 
studies across the Great Plains will be needed to provide a concise picture of how 
the flora and fauna of restored prairie wetlands can be expected to respond. 
The highly variable climatic patterns seen just in the two years of my study is 
another confounding aspect of research in the Great Plains. Research into the 
response of wetland communities to fluctuations in precipitation and temperature 
could provide insight into why some species are not found in one year but are 
abundant in the next (e.g. , migrating shorebirds were found in 1997 but not in 1998; 
personal observation). 
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CHAPTER II: THE EFFECT OF LENGTH OF POINT COUNT AND 
THE USE OF TAPED CALLS ON DETECTION OF MARSH 
BIRDS IN CENTRAL IOWA 
A paper to be submitted to the Iowa Academy of Sciences 
Jane Ellin Schuster and James J. Dinsmore 
ABSTRACT 
I examined the effect of length of point counts and the use of taped calls on 
the ability to survey avian populations at 12 central Iowa wetlands. Birds in two 
fixed-radius circular plots were surveyed for eight minutes. Taped calls were then 
played to aid in the detection of four secretive marsh species [Virginia Rail (Ral/us 
/imicola) , Sora (Porzana carolina) , Least Bittern (lxobrychus exi/is) , and American 
Bittern (Botaurus lentiginosus)]. A 90% detection level of new individuals was 
reached by minute seven in 1996, and by minute six in 1997. The 90% detection 
level of new species required seven minutes of counting in 1996 but just four 
minutes in 1997. However, because individual species' behavior can affect the 
length of time required to reach a high detection level, I examined three individual 
species with different detectability patterns. Loud, locally dense Red-winged 
Blackbirds (Agelaius phoeniceus) were detected more than 80% of the time by 
minute five in both years; quiet, locally dense Blue-winged Teal (Anas discors) 
reached the 80% detection level in six minutes both years while the loud but less 
common Marsh Wren (Cistothorus palustris) required six to seven minutes to reach 
80% detection. The use of taped calls made an enormous difference in the 
detection of secretive species. Between 40 and 50% of the rails, and almost all of 
the bitterns, would not have been found without using the tapes. 
My results indicate that point counts of eight minutes are sufficient to survey 
marsh birds. This allows enough time to record most of the potential new 
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detections. I also confirmed that the use of taped calls is essential to detect and 
count secretive marsh species. 
INTRODUCTION 
Population size has been used to measure the health of both individual bird 
species and avian communities for many years. Ornithologists have frequently 
used count data to determine trends in bird populations (e.g., Christmas Bird 
Counts, Breeding Bird Surveys) and to make management recommendations 
(Finch and Stangel 1993). Many methods have been used to estimate bird 
populations, with varying degrees of success. Several of these methods are 
detailed elsewhere (Ralph and Scott 1981 , Verner 1985, Cooperrider et al. 1986, 
Bibby et al. 1992). 
A problem that has confounded studies of marsh bird communities in the 
past is the lack of standardized methods for censusing these species. Such 
standards have been established for terrestrial birds (Ralph et al. 1995a), but 
currently there is no established protocol for censusing marsh birds. This leads to 
confusion in interpreting results and makes it nearly impossible to make broad-
range comparisons between studies. While most studies use modified point counts 
and tape playbacks to count marsh species, there is little consistency from one 
project to another (Gibbs and Melvin 1993, Creighton et al. 1997, Naugle 1997). 
With standardized methods, the data derived from different studies could be used 
to monitor marsh bird populations at local, regional, and even national levels. This 
in turn would allow resource managers and researchers to identify trends in marsh 
bird populations and develop appropriate management programs. 
A recent symposium on the use of point counts (Ralph et al. 1995a) gives 
recommendations and justifications for 28 standards to be used in surveys of 
terrestrial bird populations. These include such variables as visual versus auditory 
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surveys, time of day/year, number of survey stations, and distance between 
stations. While these standards were developed for use in forests and grasslands, 
with some modification, many could also apply to counts of wetland birds. 
The scope of my project did not allow for a complete investigation of all of 
those standards to marsh bird censusing, but it did provide the opportunity to 
address one of the parameters, the length of time spent at each count point. The 
choice of how long to count is typically a compromise between allowing enough 
time to obtain a detailed sample of the bird community present at each station while 
providing for a high measure of statistical power by increasing the number of 
stations sampled. Ralph et al. (1995b) suggest that a five-minute count will provide 
a fairly complete sample of the avian community present at each station. They 
increased the count time to ten minutes if the travel time between stations was 
longer than 15 minutes to increase the completeness of the data gathered from 
fewer points. Because of the very dense emergent vegetation often associated 
with wetlands, the five minute count length may not adequately allow for the 
detection of some species of marsh birds. Previous studies of avian communities in 
prairie potholes have used count lengths of six minutes (Brown and Dinsmore 
1986, Hemesath and Dinsmore 1993, VanRees-Siewert and Dinsmore 1996) or 
eight minutes (Delphey and Dinsmore 1993, Naugle 1997). Edwards et al. (1981) 
and Gibbs and Melvin (1993) both used a count length of ten minutes to account 
for differences in the detectability of various species in relation to changing habitat 
conditions. For instance, a highly vocal and locally dense species will be easier to 
detect than a secretive or rare species. 
In addition to examining the length of time spent at each station, my study 
also provided the opportunity to evaluate the importance of using playback of taped 
calls to detect and count secretive species in central Iowa. It has been firmly 
established that using call response tapes is an effective count method for marsh 
species such as rails and bitterns (Marion et al. 1981, Johnson and Dinsmore 1986, 
Swift et al. 1988, Gibbs and Melvin 1993). Swift et al. (1988) found that the use of 
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tape playbacks increased the detection rate of Least Bitterns (lxobrychus exilis) in 
New York by roughly 85% over the number of birds seen or heard without use of 
the tape. Gibbs and Melvin (1993) found that overall species detectability in Maine 
increased an average 320% with the use of tapes. 
The objectives of my study were to: 
(1) evaluate the effect of the length of time spent at a count station on the 
number of individuals and the number of species detected, and to make 
recommendations on what length of time is most efficient for counting 
marsh birds. 
(2) determine the effect of using call response tapes on the detection of four 
secretive bird species. 
METHODS 
Study Areas 
I surveyed the avifauna of six natural and six restored wetlands in 1996 and 
1997 (Table A-1). Wetlands within 50 miles of Ames were selected in order to 
remain within the southern extension of the Prairie Pothole Region. All of the 
basins are on publicly owned lands, and are managed by federal, state, or county 
agencies. All basins are less than five hectares (0.4-4.0 ha). Restored wetlands 
ranged from one to seven years post-flooding, with most being three to five years 
old. I attempted to select wetlands with 40-60% emergent vegetative cover, the 
cover type supporting the maximum bird diversity (Weller and Spatcher 1965, 
Weller and Fredrickson 1974). All restored wetlands were tile drained and row 
cropped prior to reflooding. 
Bird Community Composition 
I established two count points in the middle of the emergent vegetation zone 
(or at water's edge if no emergents were found) on each wetland. One station was 
located using a random compass bearing, and the second was located directly 
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across the basin from the first point. This method provided maximum line-of-sight 
coverage of the basin without overlapping the stations. 
Each wetland was visited weekly during the breeding season (mid-May to 
early-July) to document bird use. Heavy rains and high water levels in 1996 limited 
visits to five weeks; seven weekly visits were made in 1997. Surveys were 
conducted from sunrise to 0900, rotating the order of the wetlands to reduce the 
possibility if any time-of-day bias (Skirvin 1981). All birds seen or heard within a 
25m-radius circle, during an eight-minute count period, were recorded (Edwards et 
al. 1981 ). Data were recorded in one-minute intervals. After this part of the count 
was completed, taped calls were played to try to elicit responses from four secretive 
species (Marion et al. 1981, Gibbs and Melvin 1993). Two one-minute, continuous 
loop tapes were used, each having two 30-second recordings. Calls of Sora 
(Porzana carolina), Virginia Rail (Rallus limico/a), American Bittern (Botaurus 
lentiginosus), and Least Bittern were played in minutes nine and ten with responses 
recorded in minutes eleven and twelve. 
Data Analysis 
Data from minutes 1-8 were used for regression analysis. This was done to 
eliminate any effects of the taped calls on non-target species detection. Linear 
regression analysis (Minitab 1996) was used to determine the relationship between 
new individuals detected and minute of count. This method was also used to 
investigate the relationship between new species detected and minute of count. 
Probability values of p~0.05 were considered significant. 
Three species were selected for individual analysis of detection rate per 
minute of count. For both years, the data from each count station (two stations per 
marsh) were used as separate observation units (1996: n = 120; 1997: n = 168) in 
these analyses. Red-winged Blackbird (Agelaius phoeniceus) was selected to 
represent a species that is very easy to detect by sight or sound. Blue-winged Teal 
(Anas discors) was selected to represent a species that is usually detected by sight, 
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but is somewhat secretive, often hiding in emergent vegetation. Marsh Wren 
( Cistothorus palustris) was selected to represent a secretive species most often 
detected first by sound rather than by sight. 
Four secretive species also were examined individually to determine the 
effect of call response tapes on detectability. Recorded observations from each 
count point for 1996 and 1997 were pooled (n = 288) to provide an adequate data 
base for analysis. The number of detections of Sora, Virginia Rail, American Bittern 
and Least Bittern in minutes 1-8 without calls being played was compared to the 
number of detections made during or after calls were played (minutes 9-12), and 
also to count points at which a species was detected both prior to and during or 
after taped calls were played (minutes 1-8 and 9-12). 
RESULTS 
Looking at data from minutes 1-8 only, in both years, I found a highly 
significant negative relationship (p~0.001) between the average number of new 
birds detected and the minute of count (1996: R2 = 0.916, Y = 1.07 - 0.106x; 1997: 
R2 = 0.743, Y = 2.86 - 0.388x). In 1996, the mean number of new detections per 
minute ranged from 0.2 bird in minute eight to 0.9 bird in minutes one, two, and 
three, and it took three minutes of counting to account for at least 50% of the total 
number of birds detected (Table 1). In 1997, the range was 0.4 bird in minutes 
seven and eight to 3.3 birds in minute one, and 62% of the individuals were 
accounted for in the first two minutes (Table 1 ). In both years, about 90% of the 
individuals were detected within the first six minutes of counting (Table 1). 
I also found a highly significant negative relationship (p~0.001) between the 
mean number of new species detected and the minute of count for both years 
(1996: R2 = 0.783, Y = 0.49 - 6.35x; 1997: R2 = 0.632, Y = 1.37 - 0.20x). In 1996, 
the average number of new species detected ranged from 0.1 species in minutes 
four through eight to 0.5 species in minute one, and from 0.1 species in minutes 
five through eight to 1.9 species in minute one in 1997 (Table 2). Two minutes of 
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counting accounted for half (56.3%) of the species in 1996, whereas only one 
minute was required to detect half of the species (53.2%) in 1997 (Table 2). In 
1996, almost 90% of the species were detected by the end of six minutes but in 
1997, it required only four minutes to reach the 90% level (Table 2). 
Table 1. Mean number of new birds 1 detected l'.ler minute of count, 1996 and 1997. 
Minute of count 
total per 
1 2 3 4 5 6 7 8 minute 
1996 
new birds 0.9 0.9 0.9 0.6 0.5 0.4 0.3 0.2 4.7 
s.d. 1.5 1.2 1.4 1.2 1.2 1.0 0.8 0.7 
% of total 18.4 18.4 18.4 13.3 10.5 8.4 6.8 4.8 
cum.% 18.4 36.8 55.2 68.5 79.0 87.4 94.2 99.0 
1997 
new birds 3.3 2.3 1.0 0.6 0.5 0.5 0.4 0.4 9.0 
s.d. 2.3 1.8 1.1 1.0 0.8 0.8 0.7 0.7 
% of total 36.7 25.9 11.9 7.0 5.5 5.5 4.0 4.0 
cum. % 36.7 62.6 74.5 81.5 87.0 92.4 96.4 100.4 
1Breeding species only 
Individual species analysis provided an indication of how detection rates can 
change with the behavior of the various species. Red-winged Blackbirds were 
detected a greater percentage of the time in the early minutes of a count than were 
either of the other two species examined (Tables 3, 4). In 1996, well over half of 
the new detections of redwings (61.5%) were completed by minute three of the 
counts, whereas in 1997, more than 42% of the individuals of this species were 
detected in minute one, and by minute three, 81 % were accounted for (Tables 3, 4). 
Blue-winged Teal and Marsh Wrens both required a longer period of counting to 
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record at least 50% of new detections. Blue-winged Teal needed between four and 
five minutes to account for half of the new detections (1996: 50% by minute four, 
1997: 45.5% by minute four), but 90% of the individuals were counted by minute 
seven in both years (Tables 3, 4). Marsh Wrens required four minutes of counting 
in 1996 to obtain half of the detections (50%) and five minutes in 1997 (57.1 %) 
(Tables 3, 4). This species required seven minutes of counting to obtain 90% of the 
detections in both years. The use of taped calls increased the detection rates of 
the four secretive species. Almost 83% of the points at which I detected Soras (105 
total obs.) occurred either during minutes of tape playing alone, or during a 
combination of minutes with and without tapes (Table 5). For Virginia Rails, 90% of 
the points (91 total obs.) fit into these two categories (Table 5). Only 16 
observations of Least Bitterns were recorded during the two seasons of my study, 
and 87.5% of those were made during minutes of only tape playing (Table 5). All 
four recorded observations of American Bitterns came with the use of tapes 
(minutes 9-12) (Table 5). If one considers the birds that were detected only with 
the use of the tapes (i.e., individuals that otherwise would not have been detected), 
about 40-50% of the rails and nearly all of the bitterns would have been missed 
without the use of tapes (Table 5). 
DISCUSSION 
Point count studies have long had to make a logistical trade-off between the 
duration of the count period and the amount of travel time between stations (Bibby 
et al. 1992, Ralph et al. 1995b). Point counts in which the travel time between 
stations is relatively brief(< two minutes) can use many more counts stations than 
a route where travel time is greater(> ten minutes). Previous studies have shown 
that while increased sampling intensity at fewer points typically produces more 
species and individuals, increasing the number of counts provides more statistical 
power (Barker and Sauer 1995, Buskirk and McDonald 1995, Lynch 1995). 
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Table 2. Mean number of new breeding species detected per minute of count, 
1996 and 1997. 
Minute of count 
total per 
1 2 3 4 5 6 7 8 minute 
1996 
new species 0.5 0.4 0.2 0.1 0.1 0.1 0.1 0.1 1.6 
s.d. 0.8 0.6 0.5 0.4 0.4 0.3 0.3 0.3 
% of total 31.3 25.0 12.5 6.3 6.3 6.3 6.3 6.3 
cum. % 31.3 56.3 68.8 75.1 81.4 87.7 94.0 100.3 
1997 
new species 1.9 0.8 0.4 0.2 0.1 0.1 0.1 0.1 3.7 
s.d. 1.1 0.8 0.5 0.4 0.4 0.2 0.3 0.3 
% of total 53.2 21.7 10.1 5.6 2.0 2.0 2.0 2.0 
cum.% 53.2 74.9 85.0 90.6 92.6 94.6 96.6 98.6 
Table 3. Mean number of new detections per minute of count for three central Iowa 
wetland nesting sgecies, 1996. 
Minute of count 
total per 
1 2 3 4 5 6 7 8 minute 
Red-winged Blackbird 
new birds 0.6 0.5 0.5 0.3 0.2 0.2 0.2 0.1 2.6 
s.d. 0.9 0.8 0.9 0.6 0.7 0.5 0.6 0.4 
% of total 23.1 19.2 19.2 11.5 7.7 7.7 7.7 3.8 
cum.% 23.1 42.3 61 .5 73.0 80.7 88.4 96.1 99.9 
Blue-winged Teal 
new birds <0.1 0.1 0.1 0.2 0.2 0.1 <0.1 <0.1 1.0 
s.d. 0.1 0.3 0.4 0.5 0.6 0.3 0.2 0.2 
% of total 10.0 10.0 10.0 20.0 20.0 10.0 10.0 10.0 
cum.% 10.0 20.0 30.0 50.0 70.0 80.0 90.0 100.0 
Marsh Wren 
new birds <0.1 0.1 0.1 0.1 0.1 <0.1 <0.1 <0.1 0.8 
s.d. 0.2 0.3 0.3 0.3 0.2 0.2 0.2 0.2 
% of total 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 
cum.% 12.5 25.0 37.5 50.0 62.5 75.0 87.5 100.0 
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Table 4. Mean number of new detections per minute of count for three central Iowa 
wetland nesting sgecies, 1997. 
Minute of count 
total per 
1 2 3 4 5 6 7 8 minute 
Red-winged Blackbird 
New birds 1.4 0.8 0.5 0.2 0.1 0.1 0.1 0.1 3.3 
s.d . 1.3 1.0 0.9 0.5 0.5 0.4 0.3 0.2 
% of total 42.4 24.2 15.1 6.1 3.0 3.0 3.0 3.0 
cum. % 42.4 66.6 81.7 87.8 90.8 93.8 96.8 99.8 
Blue-winged Teal 
new birds 0.1 0.1 0.1 0.2 0.2 0.2 0.1 0.1 1.1 
s.d . 0.3 0.3 0.5 0.6 0.5 0.7 0.3 0.3 
% of total 9.1 9.1 9.1 18.2 18.2 18.2 9.1 9.1 
cum.% 9.1 18.2 27.3 45.5 63.7 81.9 91.0 100.1 
Marsh Wren 
new birds 0.1 0.1 0.2 0.2 0.2 0.3 0.2 0.1 1.4 
s.d. 0.4 0.4 0.4 0.5 0.6 0.6 0.5 0.4 
% of total 7.1 7.1 14.3 14.3 14.3 21.4 14.3 7.1 
cum.% 7.1 14.2 28.5 42.8 57.1 78.5 92.8 99.9 
Table 5. Effect of taped response-calls on the detection of four secretive marsh 
bird sgecies in central Iowa wetlands, 1996 and 1997. 
Without With tape With and 
tape alone without Total 
Sgecies (min. 1-8) (min. 9-12) (min. 1-12) detections 
Sora 
detections 18 50 37 105 
% of total 17.1 47.6 35.3 
Virginia Rail 
detections 9 38 44 91 
% of total 10.0 41.8 48.2 
Least Bittern 
detections 2 14 0 16 
% of total 12.5 87.5 0 
American Bittern 
detections 0 4 0 4 
% of total 0 100 0 
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At the same time it has also been shown that most species detections occur within 
the first five to ten minutes of point counts (Fuller and Langslow 1984, Bibby et al. 
1992, Buskirk and McDonald 1995, Lynch 1995). In surveying marsh birds, this 
trade-off is somewhat more complicated than in terrestrial studies, due to the 
often long distances between basins, and the need to move through dense 
emergent vegetation to reach a count station. Brief travel times are seldom an 
option in prairie pothole habitats; for instance in my study the travel time between 
wetland sites generally took from 15 to 30 minutes. Travel time between count 
stations on each basin was from five to ten minutes. Therefore the key issue in my 
study became the duration of the counts themselves. 
Ralph et al. (1995b) recommended a five-minute count length as the 
standard for terrestrial situations because it seemed to provide the best 
compromise between the greater count intensity of longer counts and the higher 
statistical power available with more counts. Fuller and Langslow (1984) felt that 
count lengths of more than ten minutes were "wasteful of field effort which could be 
used to improve other aspects of sampling". Using an eight minute count as my 
base, I examined the effect of the length of the count period on detection rates. 
The negative relationship found between the mean number of individual birds 
detected and the minute of the count reinforces the recommendations of Ralph et 
al. (1995b). In both years, most new birds had been detected in the first five 
minutes, even though there were still new detections after that time. In fact, in both 
years 50% of the birds were accounted for by minute three (Table 1 ). 
However, detection of new individuals is not the only consideration when 
surveying marsh birds. In some studies, researchers are more interested in 
determining which species are present and the detection of new species must be 
examined. Again I found a strong negative relationship between the detection of 
new species and the minute of the count (Figures 3, 4). There is a diminishing 
return on the number of new species detected in longer counts, with a gradual 
leveling off towards the eight-minute mark. Similar to the results with new 
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individuals, 50% of the species were detected quite rapidly in both years (by minute 
two in 1996 and minute one in 1997). In 1996, 80% of all species detections were 
made by minute five, while this level was reached by minute three in 1997 (Table 
2). Following Ralph et al. (1995b), this suggests that a five-minute count could be 
sufficient for marsh bird surveys as it is for terrestrial birds. However, to get to 90% 
of the species detections, the 1996 count required seven minutes, but the 1997 
count only required four minutes (Table 2). Therefore a five-minute count may not 
be adequate to detect all of the species present. 
In addition, the design of point counts must also take the detectability of 
individual bird species into account. A terrestrial species that is very vocal and 
also locally dense will be easier to detect than one that is secretive or rare ( Bibby 
et al. 1992, Dawson et al. 1995). This is also true for wetland species. This 
difference in detectability will affect the length of counts needed to provide accurate 
population estimates. In my study I examined three species chosen for their 
differences in detectability. The loud species (Red-winged Blackbird) was detected 
easily as expected, with 61.5% and 81.7% of the detections coming within the first 
three minutes of counting in 1996 and 1997, respectively (Tables 3, 4) . The quiet 
but visible species (Blue-winged Teal) required a longer count period to produce 
similar detection rates, needing six minutes to reach 80% in both years. Finally, the 
loud but secretive species (Marsh Wren) required between six and seven minutes 
to reach 80% of the detections in both years. 
These results indicate that the terrestrial standard of five minutes will likely 
not be effective for all marsh species, especially if a study goal is to determine what 
species are present. For marsh nesting avifauna, it appears that a longer count 
period is needed to provide a relatively complete picture of community and 
population levels of these species. In particular, a count duration of eight minutes 
may provide enough time to obtain a statistically sound number of counts while still 
allowing for travel time among study sites. 
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A second objective of my study was to examine the effect of using taped 
calls to aid in the detection of secretive marsh bird species in central Iowa. This 
method has been outlined and used for more than two decades with much success 
(Marion et al. 1981, Johnson and Dinsmore 1986, Gibbs and Melvin 1993). The 
results from my study fully support these earlier papers. Combining all of the count 
stations for both years to provide a stronger data set, I found that for the two rail 
species (Sora and Virginia Rail), the number of observations increased dramatically 
with the use of taped calls. For these two species, almost half of the detections 
would have been missed if no tapes had been used (Table 5). My study did not 
examine the effect that specific tape calls would have on the other secretive 
species. Johnson and Dinsmore (1986) found that Sora, especially, will often 
respond to Virginia Rail calls, and vice versa. This type of response behavior may 
be another method to use in the future to detect these secretive species. 
The few detections of the two species of bittern (16 for Least Bittern and 4 
for American Bittern) reduces the reliability of their results, but does give an idea of 
how taped calls can affect their detectability. All American Bittern observations, 
and 87.5% of the Least Bittern observations came in response to tapes alone 
(Table 6). These results support the findings of Swift et al. (1988), who also found 
that using taped calls increased the detection rates of Least Bittern in New York. 
Conclusion and Recommendations 
Using the results of my study, I recommend that point counts of eight 
minutes in duration be used to sample marsh bird communities. This count length 
appears to provide enough time to determine the community make-up adequately 
as well as allow for the detection of more secretive species. Fuller and Langslow 
(1984) found that ten-minute counts were sufficient to obtain a general pictuure of 
community structure. Extending the count to ten minutes may be beneficial, 
particularly for less visible or less vocal species (such as teal and wrens) for which 
new detections are spread out more evenly throughout the count. However, 
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extending the count period to ten minutes will likely reduce the number of stations 
that can be sampled in a day and thereby reduce the statistical power of the counts. 
I found that the use of an eight minute sampling period provided a reasonable 
compromise between the costs and benefits of fewer, longer counts versus using 
more, briefer counts. 
In addition, I support the use of taped response-calls to detect species that 
can only be fully sampled in this manner. However, for playbacks to be effective, 
time must be allotted to listen for responses after the tapes are played. Because of 
the potential effect of the tapes on non-target species, and the physical disruption 
to the observer while tapes are played, the placement of playbacks within the count 
period could have a large impact on the overall results of a count. Previous studies 
have placed the calls in the middle of the count (Delphey and Dinsmore 1993, 
VanRees-Siewert and Dinsmore 1996, Schreiber 1994). Placement of the taped 
calls in the middle of the timed sampling period may allow for a longer period of 
listening after the playback, but such placement could also be a distraction as 
observer focus shifts to the secretive species. Further potential distraction comes 
from the need to handle tapes and the recorder, and this may also lengthen the 
actual count period. For my study I played the taped calls at the end of the eight-
minute count to attempt to minimize interference with the timed sampling period. 
While this meant that I was at each count station longer than eight minutes, very 
few non-target species were recorded in minutes nine through twelve so their effect 
on the results was minimal. Further study into the best placement of these calls 
within a larger project will help to standardize this part of the procedures for 
censusing marsh birds. 
Based on my experiences in the field and the results from my study I 
recommend that an overall count length of 12 minutes will provide ample time to 
estimate marsh bird populations. Within this 12 minute, period I suggest that the 
first eight minutes be used to count without any tapes being played, and that tapes 
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be played during minutes nine and ten. The final two minutes can then be used to 
listen for responses from the target species. 
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GENERAL CONCLUSION 
The National Research Council (1992) defines wetland restoration as "the 
reestablishment of pre-disturbance aquatic functions and the related physical, 
chemical, and biological characteristics." However, all such restorations can only 
be approximations because it is impossible to replicate the biogeographical and 
climatic processes that combined to create the original ecosystem. This 
discrepancy makes it imperative that some form of a standardized measure of 
success be established to determine if the restoration process actually works. 
However, returning the form of a wetland does not guarantee the return of 
function. The reestablishment of fully functioning vegetative community is no longer 
seen as a sure thing (Glatowitsch and van der Valk 1996a.) The difficulty of 
establishing the wet-meadow zone of vegetation is particularly important to the 
ensuing faunal community of restored wetlands (Galatowitsch and van der Valk 
1996b). Previous studies have suggested that this missing vegetation zone may 
directly affect the bird communities of restored wetlands (Delphey and Dinsmore 
1993, VanRees-Siewert 1993, Schreiber 1994), leading to a less diverse avian 
community at least in the first few years after restoration. These studies went on to 
say that as restored sites age, the number of birds species found generally 
increased. 
Although I found that restored wetlands at the southern extreme of the 
Prairie Pothole region do support breeding bird species numbers and densities 
similar to those found at natural wetlands in the same area, my results do not 
completely support the studies done in northern Iowa. Of particular interest is the 
fact that Virginia Rail (Rallus limicola) and Sora (Porzana carolina) used both 
wetland types equally in 1997. Previous studies in northern Iowa had failed to find 
these secretive species using restored basins with any high degree of frequency 
(Delphey and Dinsmore 1993, VanRees-Siewert 1993, Schreiber 1994). However, 
like the northern Iowa studies, I did find that Red-winged Blackbird (Age/aius 
phoeniceus), Yellow-headed Blackbird (Xanthocephalus xanthocepha/us), and 
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Blue-winged Teal (Anas discors) were the most frequent nesting species in central 
Iowa wetlands. 
In contrast to Schreiber (1994), I found that restored wetlands in central Iowa 
support an avifauna guild structure very much like that found on natural basins. 
Nest sites were dominated by the two overwater guilds (surface and elevated) in 
both wetland types. Food-type guilds were fairly evenly distributed in restored 
wetlands, with equal numbers of omnivores, insectivores, and carnivores. Natural 
wetlands did not have their food types as evenly distributed, having more 
insectivores than the other two guilds. Both wetland types had only one 
herbivorous species, the Canada Goose (Branta canadensis). Both natural and 
restored wetlands were dominated by the marsh gleaner and dabbling foraging 
method guilds. The similarity of the guild structure at natural and restored wetlands 
in central Iowa reflects the usefulness of using guilds to compare wetland types. 
Guild analysis examines functional responses of the avian community rather than 
just identifying the species present and their numbers. This functional assessment 
is much more likely to provide an accurate measure of restoration success, 
especially in the relatively short terms (usually two to five years) of these studies. 
Examination of the methodology used in counting marsh birds indicated that 
detection of these birds may require a longer count time than that used for 
terrestrial species. Species such as Blue-winged Teal and Marsh Wren 
(Cistothorus palustris) require at least six to seven minutes of counting to account 
for 90% of detections of new individuals. This is more than the five minutes of 
counting recommended by Ralph et al. (1995) to detect terrestrial birds. I suggest a 
count length of eight minutes to count marsh birds. I also confirmed the usefulness 
of taped response calls in detecting secretive marsh species such as rails and 
bitterns. This result confirms previous studies by Marion et al. (1981), Johnson and 
Dinsmore (1986), and Gibbs and Melvin (1993) on the importance of taped calls in 
surveying secretive marsh species. 
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As an ecosystem that is vital to humans and wildlife alike, it is imperative that 
we continue to try to replace at least some of the millions of acres of wetland 
habitat destroyed or altered by agricultural, industrial, residential, and other forms of 
development. The positive results obtained from the comparison of breeding-bird 
communities on restored and natural wetlands in central Iowa is encouraging. 
These results suggest that restorations can potentially supply much needed habitat 
for marsh birds in other areas of the Prairie Pothole region. It is important that 
investigations into restored wetlands continues, and that a standardized method of 
measuring success be developed. While no restoration can ever be a perfect 
replica of the original, my results show that in some cases, close may be good 
enough. 
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APPENDIX 
Table A-1. Location and descri12tion of stud~ sites. 
ID Name T~12e Area 1 Countv Location 
CD Camp Dodge N2 4.0 Polk T80N R25W S26 SW1 /4 
co Cooper's N 3.3 Story T84 R23 S21 SW1 /4 
EN Engeldinger N 2.6 Polk T80N R22W S1 NE1/4 
E1 Errington 1 N 1.8 Polk T80N R23W S10 SE1/4 
E2 Errington 2 N 2.0 Polk T80N R23W S10 SE1/4 
GO Gordon's R 2.2 Hamilton T88N R26W S28 NW1/4 
H1 Harrier 1 R 3.8 Boone T83N R27W S5 SE 1 /4 
H2 Harrier 2 R 2.0 Boone T83N R27W S5 SE1/4 
H3 Harrier 3 R 0.9 Boone T83N R27W S5 SE1/4 
SC Snake Creek N 2.6 Greene T83N R29W S26 SW1 /4 
V1 Voas 1 R 1.2 Dallas T80N R28W S12 NE1/4 
V2 Voas 2 R 0.4 Dallas T80N R28W S12 NE1/4 
1Area in hectares. 
2N =natural wetland , R =restored wetland. 
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Table A-2. Detections 1 of bird species found on twelve central Iowa wetlands, 1996 
and 1997. 
S12ecies Scientific name 1996 1997 
Pied-billed Grebe Podilymbus podiceps 6 12 
Horned Grebe Podiceps auritus 0 3 
Great Egret Casmerodius albus 0 1 
Cattle Egret Bubulcus ibis 0 4 
Great Blue Heron Ardea herodias 6 8 
American Bittern Botaurus lentiginosus 2 2 
Least Bittern lxobrychus exilis 5 13 
Canada Goose Branta canadensis 6 181 
Mallard Anas platyrhynchos 12 135 
Northern Shoveler Anas clypeata 3 33 
Blue-winged Teal Anas dicors 5 404 
Wood Duck Aix sponsa 2 67 
Canvasback Aythya valisineria 3 0 
Ring-necked Duck Aythya collaris 0 16 
Lesser Scaup Aythya affinis 3 5 
Bufflehead Bucephala albeola 0 5 
Hooded Merganser Lophodytes cucullatus 0 11 
Ruddy Duck Oxyura jamaicensis 0 11 
Northern Harrier Circus cyaneus 0 1 
Virginia Rail .. Rallus limnicola 42 85 
Sora Porzana carolina 15 185 
American Coot Fulica americana 199 497 
Killdeer Charadrius vociferus 32 143 
Greater Yellowlegs Tringa melanoleuca 0 1 
Lesser Yellowlegs Tringa flavipes 0 25 
Solitary Sandpiper Tringa solitaria 0 1 
Willet Catoptrophorus semipalmatus 0 1 
Short-billed Dowitcher Limnodromus scolopaceus 0 10 
Wilson's Phalarope Phalaropus tricolor 12 9 
Common Snipe Gallinago gallinago 0 2 
Ruddy Turnstone Arenaria interpres 0 2 
Pectoral Sandpiper Calidris melanotos 0 10 
White-rumped Sandpiper Calidris fuscicollis 0 11 
Least Sandpiper Calidris minutilla 2 59 
Semipalmated Sandpiper Calidris pusilla 0 6 
Ring-billed Gull Larus delawarensis 0 3 
Black Tern Chlidonias niger 0 18 
Barn Swallow Hirundo rustica 195 19 
1Detection numbers include all birds in initial count, minutes 1 - 12, and birds >25m 
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Table A-2. cont. 
Sgecies Scientific name 1996 1997 
Tree Swallow T achycineta bicolor 120 305 
American Crow Corvus branchyrhynchos 0 16 
Marsh Wren Cistothorus palustris 44 433 
Sedge Wren Cistothorus platensis 8 11 
Yellow Warbler Dendroica petechia 0 4 
Common Yellowthroat Geothlypis trichas 0 118 
Yellow-headed Blackbird Xanthocephalus xanthocephalus 599 1022 
Red-winged Blackbird Agelaius phoeniceus 1152 2344 
Great-tailed Grackle Quiscalus mexicanus 10 20 
Common Grackle Quiscalus quiscula 27 120 
American Goldfinch Carduelis tristis 0 42 
Swamp Sparrow Melospiza georgiana 
-1l _j1 
Total detections 2542 6449 
Table A-3 . Summary of breeding bird species found on natural and restored central 
Iowa wetlands 1996. 
Wetland T~ge 
Natural Restored 
c c E E E s G H H H v v 
SQecies D 0 N 1 2 c 0 1 2 3 1 2 
Pied-billed Grebe x x 
Least Bittern x 
Canada Goose x x x 
Blue-winged Teal x x x x x x x x x 
Virginia Rail x x 
Sora x 
American Coot x x x x x x x x 
Killdeer x x x 
Wilson's Phalarope x 
Marsh Wren x x x x 
Yellow-headed Blackbird x x x x x x x x x 
Red-winged Blackbird x x x x xx x x x x x x 
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Table A-4. Summary of breeding bird species found on natural and restored central 
Iowa wetlands 1997. 
Wetland T~ge 
Natural Restored 
c c E E E s G H H H v v 
Sgecies D 0 N 1 2 c 0 1 2 3 1 2 
Pied-billed Grebe x x 
Least Bittern x 
Canada Goose x x x x x x 
Wood Duck x x 
Mallard x x x x x x x x x x x 
Blue-winged Teal x x x x x x x x x 
Virginia Rail x x x x x xx 
Sora x x x x x x x x x x 
American Coot x x x x x x x x x 
Killdeer x x x x 
Marsh Wren x x x x x x x x x xx 
Sedge Wren x 
Common Yellowthroat x x x x x 
Yellow-headed Blackbird x x x x x x x x 
Red-winged Blackbird x x x x x x x x x x xx 
Great-tailed Grackle x 
Common Grackle x x x x 
American Goldfinch x 
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Table A-5. Breeding bird guild assignments. 
Species Food type1 Foraging method 
Pied-billed Grebe Carnivore Diver 
Least Bittern 
Canada Goose 
Wood Duck 
Mallard 
Blue-winged Teal 
Virginia Rail 
Sora 
American Coot 
Killdeer 
Wilson's 
Phalarope 
Marsh Wren 
Sedge Wren . 
Common 
Yellowthroat 
Yellow-headed 
Blackbird 
Red-winged 
Blackbird 
Great-tailed 
Grackle 
Common Grackle 
American 
Goldfinch 
Carnivore 
Herbivore 
Carnivore 
Carnivore 
Carnivore 
Omnivore 
Omnivore 
Omnivore 
Insectivore 
Carnivore 
Insectivore 
Insectivore 
Insectivore 
Insectivore 
Insectivore 
Omnivore 
Omnivore 
Omnivore 
Water Ambusher 
Upland forager/ 
dabbler 
Dabbler 
Dabbler 
Dabbler 
Prober 
Prober 
Dabbler 
Upland forager 
Dabbler/Marsh 
gleaner 
Marsh gleaner 
Marsh gleaner 
Marsh gleaner 
Marsh gleaner/ 
upland forager 
Marsh gleaner/ 
upland forager 
Marsh gleaner/ 
upland forager 
Marsh gleaner/ 
upland forager 
Upland forager 
Nest site 
Overwater-
surface 
Overwater-
elevated 
Upland/edge 
Overwater-
elevated 
Upland 
Upland 
Edge/over 
water surf. 
Edge/over 
water surf. 
Overwater-
surface 
Upland 
Overwater-
surface 
Overwater-
elevated 
Upland 
Upland 
Overwater-
elevated 
Overwater-
elevated 
Upland 
Upland 
Upland 
1Assignment based on major food type eaten during the breeding season (70%+ 
of the diet). 
Carnivore = fish, mollusks, crustaceans or insects in the water column. 
Insectivore = insects gleaned off of plants or airborne. 
Herbivore= plant matter (terrestrial or aquatic). 
Omnivore= plant and animal material (not more than 70% of either). 
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Table A-6. Plant species names1 and locations. 
Species Common name Location2 
Family Alismataceae 
Alisma plantago-aquatica Water plantain N R 
Sagittaria latifolia (Willd.) Arrowhead N R 
Family Amaranthaceae 
Amaranthus rudis Sauer Water Hemp N 
Family Apiaceae 
Pastinaca sativa L. Wild parsnip N 
Family Asclepiadaceae 
Asclepias sullivantii Englem Prairie milkweed N 
Asclepias syriaca L. Common milkweed N R 
Family Asteraceae 
Achillea millefolium L. Yarrow N R 
Ambrosia artemisiifolia L. Common ragweed N R 
Aster novae-angliae L. New England aster N R 
Aster pilosus Willd. Hairy {pi lose) aster N R 
Bidens cernua L. Nodding bur marigold N R 
Cirsium arvense (L.) Scop. Canada thistle N R 
Cirsium discolor (Muhl.) Spreng. Field thistle N R 
Erigeron annus (L.) Pers. Annualfleabane N 
Erigeron philadelphicus (L.) Flea bane N 
Helianthus grosseserratus Martens Saw-toothed sunflower N R 
Ratibida pinnata (Vent.) Barnh. Gray-headed coneflower N R 
Rudbekia subtomentosa Pursh. Fragrant coneflower N 
Family Brassicaceae 
Cardamine bulbosa (Schreb.) BSP Spring Cress N 
Lepidium densiflorium (L.) Peppergrass N 
Rorippa palustris Marsh cress N 
Family Campanulaceae 
Lobelia siphilitica L. Great lobelia N 
Family Chenopodiaceae 
Chenopodium album L. Lamb's quarters N R 
Family Cyperaceae 
Carex atherodes Sprengel Slough sedge N 
Carex cristatella Britt. Crested sedge N 
Carex spp. Sedge N 
Carex spp. Sedge N 
Carex tribuloides Whal. Broom sedge N 
1Names follow Larson (1993). 
2Location: N =natural wetlands, R =restored wetlands. 
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Table A-6. cont. 
Species Common name Location 
Family Cyperaceae (cont.) 
Eleocharis acicularis Spike rush N R 
Eleocharis erythropoda Spike rush N R 
Scirpus acutus Marsh. Hardstem bulrush N 
Scirpus validus var. Greber Softstem bulrush N R 
Family Equisetaceae 
Equisetum arvense L. Field horsetail N 
Equisetum hymale L. Common scouring rush N R 
Family Euphorbiaceae 
Euphorbia corollata L. Flowering spurge N 
Euphorbia maculata L. Carpet spurge N R 
Family Fabaceae 
Trifolium repens White clover N R 
Family Gentianaceae 
Gentiana andrwsii Griseb. Bottle gentian N 
Family lridaceae 
Iris shrevei Small Blue flag N R 
Family Juncaceae 
Juncus nodosus L. Knotted rush N 
Juncuus torreyi Cov. Torrey's rush N 
Family Lamiaceae 
Mentha arvensis L. Wild mint N R 
Nepeta cataria Catnip N R 
Pycanthemum virginianum (L.) Dur. Mountain mint N 
Scutellaria galericulata L. Marsh skullcap N 
Family Lemnaceae 
Lemna minor L. Duckweed N R 
Spirodela polyrhiza Greater duckweed N R 
Stachys palustris L. Woundwort N 
Family Lentibulariaceae 
Utricularia vulgaris L. Common bladderwort N 
Family Malvaceae 
Abutilon theophrasti Velvet leaf N R 
Family Molluginaceae 
Mollugo vereticullata L. Carpetweed N R 
Family Onagraceae 
Epilobium leptophyllum Raf. Bog willowherb N 
Family Plantaginaceae 
Plantago rugellii Dene. Rugel's plantain N 
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Table A-6. cont. 
Species Common name Location 
Family Poaceae 
Bromus tectorum Downy Chess N 
Leersia oryzoides (L.) SW. Rice cut-grass N 
Phalaris arundinaceae L. Reed canary grass N R 
Spartina pectinata Link Slough grass N 
Family Polygonaceae 
Polygonum lapathifolium Smartweed N R 
Polygonum pensylvanicum Pennsylvania smartweed N R 
Rumex altissmus Dock N R 
Rumex crispus Curly dock N R 
Family Ranunculaceae 
Anemone canadensis Canada anemone N R 
Caltha palustris L. Marsh marigold N 
Family Saliaceae 
Populus deltoides Bartr. Easter cottonwood N R 
Salix nigra Marsh. Black willow N R 
Family Scrophulariaceae 
Lindernia dubia L. Pennell False pimpernel N 
Family Sparganiaceae 
Sparganium eurycarpum Engelm. Giant bur-reed N 
Family Typhaceae 
Typha angustifolia Narrow-leaved cattail N R 
Typha latifolia Broad-leaved cattail N R 
Typha x glauca Hybrid cattail N R 
Family Verbenaceae 
Verbena hastata L. Blue vervain N 
Verbena urticifolia L. White vervain N 
Family Violaceae 
Viola nephroph~lla Bog violet N R 
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Table A-7. Description of vegetation zones 1 . 
Zone Description 
Low prairie Surface water maintained for only a brief period in early 
spring. May occupy the center of some ephemeral 
wetlands, or a narrow border surrounding more 
permanent waters. Typical vegetation includes moisture 
tolerent grasses and flowers (Anemone canadensis, 
Solidago altissima, Aster ericoides etc. 
Mud flat 
Wet meadow 
Emergent 
Little or no vegetation. Bare ground only covered with water 
during early spring (<6''). 
Surface water maintained for a few weeks after spring 
snowmelt, or after heavy rains in summer and fall. 
May be found in center of shallow areas, or around 
the outside of deeper wetlands. Typical vegetation 
includes fine stemmed grasses and sedges with 
associated forbs (Carex spp. , Poa palustris, 
Aster spp. ). 
Surface water maintained for an extended period in spring 
and early summer, but dries into fall. Vegetation is 
found in center of these basins, or in a concentricband 
between wet meadow and deep-marsh zones (maintains 
open water into late fall }where water is more permanent. 
Typical vegetation includes Thpha spp., Scirpus spp., etc. 
Open Water Water present year round. No emergent vegetation, may 
have some submergent plants such as Potamogeton spp., 
or floating plants such as Lemna spp. 
1Adapted from Stewart and Kantrud (1971 ). 
71 
ADDITIONAL LITERATURE CITED 
Adamus, P.R., E.J. Clairian, R.D. Smith, and R.E. Young. 1987. Wetland 
Evaluation Technique (WET), Volume II: Methodology. Dept. Army, 
Waterways Experiment Station. Vicksburg, MS. 
Bartoldus, C.C., E.W. Garbisch, and M.L. Kraus. 1994. Evaluation for planned 
wetlands (EPW). Environmental Concern Inc. St. Michael's, MD. 327pp. 
Dahl, T.E. 1990. Wetland losses in the United States 1780's to 1980's. U.S. Dept. 
Interior, Fish and Wildlife Serv. Washington, D.C. 13pp. 
Delphey, P.J., and J.J. Dinsmore. 1993. Breeding bird communities of recently 
restored and natural prairie potholes. Wetlands 13:200-206. 
Erwin, K.L. 1990. Wetland evaluation for restoration and creation. pp. 429-458. in 
J.A. Kusler and M.E. Kentula, eds. Wetland creation and restoration: the 
status of the science. Island Press. Washington D.C. pp. 429-458. 
Galatowitsch S.M., and A. van der Valk. 1996a. Restoring prairie wetlands: An 
ecological approach. Iowa State Univ. Press. Ames. 246pp. 
Galatowitsch S.M., and A. van der Valk. 1996b. The vegetation of restored and 
natural: prairie wetlands. Ecol. Appl. 6: 102-112. 
Gibbs, J.P. , and S.M. Melvin. 1993. Call-response surveys for monitoring breeding 
waterbirds. J. Wildl. Manage. 57:27-34. 
Hemesath, L.M., and J.J. Dinsmore. 1993. Factors affecting bird colonization of 
restored wetlands. Prairie Nat. 25:1-11. 
Hubbard, D.E. 1988. Glaciated prairie wetland functions and values: a synthesis of 
the literature. U.S. Fish and Wildl. Serv. Biol. Rep. 88(43). 50pp. 
Johnson R.R. and J.J. Dinsmore. 1986. The use of tape-recorded calls to count 
Virginia Rails and Soras. Wilson Bull. 98:303-306. 
Kentula, M.E., R.P. Brooks, C.C. Holland, A.O. Sherman, and J.C. Sifneos. 1992. 
An approach to improving decision making in wetland restoration and 
creation. U.S. Environmental Protection Agency. Environ. Res. Lab. 
Corvallis, OR. 150pp. 
72 
Marion, W.R., T.E. O'Meara, and D.S. Maehr. 1981 . Use of playback recordings in 
sampling elusive or secretive birds. Stud. Avian Biol. 6:81-85. 
National Research Council Committee on Restoration of Aquatic Ecosystems. 
1992. Restoration of aquatic ecosystems: science, technology, and public 
policy. National Academy Press. Washington D.C. 552pp. 
Naugle, D.E. 1997. Habitat area requirements of prairie wetland birds in eastern 
South Dakota. Ph.D. dissertation. South Dakota State Univ. 
Brookings. 85pp. 
Ralph, C.J., J.R. Sauer, and S. Droege, eds. 1995. Monitoring bird populations by 
point counts. U.S. Forest Serv., Gen. Tech. Rep. PWS-GTR-149. 187pp. 
Schafer, J.L. 1996. A comparison of blackbird reproductive success in natural and 
restored Iowa wetlands. M.S. Thesis, Iowa State Univ. Ames. 69pp. 
Schreiber, J.A. 1994. Structure of breeding-bird communities on natural and 
Restored Iowa wetlands. M.S. Thesis, Iowa State Univ. Ames. 85pp. 
Sewell, R.W., and K.F. Higgins. 1991 . Floral and faunal colonization of restored 
wetlands in west-central Minnesota and northeastern South Dakota. Proc. 
18th Annual Cont. on Wetlands Rest. and Creation. Pp. 108-133. 
Suring, L.H., and M.D. Knighton. 1985. History of water impoundments in wildlife 
management. in M.D. Knighton ed. Water impoundments for wildlife: a 
habitat management workshop. U.S. Forest Serv. Gen. Tech. Rep. NC-
100. North Central Forest Exp. Station. St. Paul, MN. 
van der Valk, A. ed. 1989. Northern prairie wetlands. Iowa State Univ. Press. 
Ames. 400pp. 
VanRees-Siewert, K.L. 1993. The influence of wetland age on bird and aquatic 
macroinvertebrate use of restored Iowa wetlands. M.S. Thesis, Iowa State 
Univ., Ames. 96 pp. 
VanRees-Siewert, K.L., and J.J. Dinsmore. 1996. Influence of wetland age on bird 
use of restored wetlands in Iowa. Wetlands 4:577-582. 
Zohrer, J.J. 1997. Iowa Prairie Pothole Joint Venture: 1996 Status report. Iowa 
Dept. Nat. Resour. Des Moines. 9pp. 
73 
ACKNOWLEDGEMENTS 
I thank the Iowa Army National Guard Camp Dodge and the Iowa Agriculture 
and Home Economics Experiment Station (projects 2989 and 3478) for funding this 
project. Curt Madsen and Mary Jones of the Iowa Army National Guard were 
instrumental in funding this project and providing access to Camp Dodge. I also 
thank the Iowa Department of Natural Resources, Story County Conservation 
Board, Polk County Conservation Board, Dallas County Conservation Board and 
Hamilton County Conservation Board for assistance with this project. In particular I 
thank Ken Herring, Brian Holt, Bob Myers, Steve Lekwa, Loren Lown, and Scott 
Peterson for providing access to and information about the study sites. I am 
grateful to Glen Fuchs, Ruth Herzberg, Steve Lekwa, and Loren Lown for 
assistance with plant lists and identification. My heartfelt gratitude goes to Dr. 
Richard D. Crawford for encouraging me to go for this degree and for sending me 
to Jim. Dr. James J. Dinsmore has been a treasure to work with. His unfailing 
support with this project and through numerous family disasters has marked him as 
one of the very special people in this world: a truly caring man. I would also like to 
thank my committee members, Dr. Lou Best and Dr. Don Farrar, for their valuable 
assistance in planning this project. Thanks also to the Iowa State University 
Statistical Laboratory for all their help with my SAS programming. I cannot thank 
Lyn and Janice enough for their ability to keep us all (relatively) sane ... we know 
who really runs this place. 
My greatest thanks must go to my parents, Jim and Barb Nowak, without 
whom none of this ever would have happened. You gave all of us girls the thirst for 
knowledge and the conviction that nothing was impossible. To my sister Lynda for 
being my best friend forever, and showing that it is never to late to go back to 
school. Hugs and kisses to my wonderful boys, Kevin and Cody, for keeping 
everything in perspective (try teaching a child not to write in a book as you are 
highlighting a text!!) . Last, but never least, loving thanks to Bill for providing support 
in the field , in class and in our crazy family life. We may not approach life from the 
74 
same direction, but we always seem to reach the same destination together. I 
could not have come through these past years without my family ... Thank you. 
